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PHILOSOPHICAL TRANSACTIONS. 


L Addiidonal Eoidenoe of^ Affinities of the Extinct Marsupial Quadruped 

Thjlacoleo camifex (Owbkt). 

By Sir Bichaed Owes, K.C.B., F.RB., do. 


Keoeived Ootobor 5,— Bead November 25, 1886. 


[PLA33Bi 1.] 

SrnTOE the first mdioation of a large ertiaot Cfemivore ly a tooth obtained by Major 
Sir T. L. Mitchelil ia the caTem discovered by him in Wellmgton Yalley, Australia * 
remains from that and other localities of the same Contineiit have been succm- 
sively transmitted to me, which I have referred to the extinct genus and spedes 
Thylacoleo carnifex. Papers descriptive of these fo&dls have been admitted in the 
‘ Philosophical Transactions,’ and their value has been enhanced by the comments they 
have excited in the works of contemporary palaeontologista t These eminent authors 
received the support, in reference to objections to my conclusions, of the (then) 
Curator of the Australian Museum, Sydney , Mx. Gbbaed who, in his oontri" 

bution to the * Annnla and Magazme of Natural History, series "t, voL 18, 1866, 
p. 148, records his opinion that “ the frtmous marsupial Lion was not much more 
carnivorous than the Phalangers of the present time. 


• ‘Three 'W.r jiiJlUnma into tihe lutetior of Saateru AnsteaRs,' 8 va, 1838, voL 2, p. 359, plate 8 ^ 

figs. 10, 11. » j, ir V T OB« 

t Taloohbb, Dr. SnaH, S'^.S. ; ‘ Procseedings of Oeolngioal Socdeiy of Lcradon for Maroh, 1857 ; 

‘ Qxiarterly Jonmal’ of the Sodeiy, June, 1862, p. 853 5 ‘PaljeoD-tological Memoirs and Hotes,* 8 vo., 
1868, voL 3, p. 487. Piofesaor Boro DAWXnre, PJhS. 5 ‘ Qnartedy Jonmal of the Geological Sooiefcy of 
London,’ vol. 20, 1864, p. 412. Profeawr W. S. Pwwro, PJa.S., ‘ On the AfiBnittes and probaWe Halnte 
of the eitinot Anatralian Marsnpial ThyUtedUe eartUfem, Owns’} ‘ Qnarteirly Journal of the Qoologioal 
Sooieiiy of London,* voL 24, 1868, p. 307. 
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The species of carnivorous Phalanger is not named. Ko evidence of such by fossQ 
i^ecunens h<ifi reached me, nor have I found such exceptional habit of an existing 


species of Phakmgista elsewhere noted. 

As the palseontogical survivors of Dr. Fajdoonbb and Mr. Kbebot have not signified 
any opinion of the fossil evidences, more or less fragmentary, of Thylaooleo discovered 
suhseq[uentiy to the papers above cited, I deem it due to them to make known the 
most complete and instructive example of the mandibular and dental structures of the 
mooted species which have yet reached me. 

The subject of the annexed drawings (Plate 1) is the right “ ramus of the lower 
jaw, which was extricated in the present year (1886) from breccia of the Wellington 
Valley cave. A careful cast of this specimen has been transmitted to me by 
G. P. Bambat, F.L.S., successor to Mr. Kbeftt, and present Keeper of the Australian 
Museum of Natural History, Sydney, New South Wales, together with the three 
drawings of the original specimen, natural sise, herewith annexed. 

The dentition of this speoimen closely repeats the characters of the mandibular 
teeth described ntifl figured in fragmentary specimens.'*^ The additional characters, 
which I interpret as decisive of the Gamassial nature of Thylaooleo, are ihose of the 
hinder end of the lower jaw, including the articular process. This part is a “condyle 
transversely extended, antero-posteriorly convex, as in both Xiion and Tiger. The 
angle, a, of the ramus is bent inwards as in other Marsupials, inclu din g the smaller 
existing pouched Carnivores. In Thylaooleo, to add to the forc^ of the biting actions 
of the mandible, a subsidiary ridge rintling in the process, figs. 1 and 8, h, is developed 
from the outer side of the broad angle of the jaw j the homologue of this ridge and 
process, wanting in placental Carnivora, is developed in the largest of the existing 
marsupial ones, e.g., Thyladnus cynocephalus. The COTonoid process of the m a n dible 

lHa|.dV,^»es,'h^h above the cen^le^ and broadens antero- 

Sttlay of the dcptal canal is 



ehownaetV, ^ ; the exit at f, fig. 1. 

Asttie%ifrtlitt plate 1 are of the naturally -descriptive dimenfflons are omitted. 
What to mefc'pf mdst int&est hi 1 hia dedsiveLy msteuctive fossil are'lhe evidences 
of camivoirous SupcrindadedTipoii the priinitive, and at present prevailing, 

mareuj^ type !*Iaihe itiaadible < 3 f the^llgefearian kangaroo {Macropue) 
part of tha iHeatal ijerisa Thyiaooko, hy a angle pair 

I fnrisbfs j bat tfeiifei, .m the allid, genera Jkatdrdagua, Bettongia, Sypei- 

a smooth fiattened 
and hinder ti^oh^t 

4) hi ' 

lesWHdh 
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as many vertical grooves on. tke side of the crown terminate. Moreover, the so 
premolar is followed in the v^tarian Diprotodonts by four broad-crowned 
bruising teeth, instead of the suddenly reduced couple of conical molars (w, 1 and 2, 
figs. 1 2, Plate 1) by which Thylaeoleo resembles the placental Leoninea I view 

with interest the engrafting of a carnivorous modification upon a marsupial fTpe of 
teeth and bone in a species equal as to size and force to grapple with and slay its 
ancient vegetarian contemporaries — ^the greater herbivorous Diprotodonts and Noto- 
theiiums, the large, now extinct, Kangaroos, Sthenartxs, Frotemmdcn^ and the huge 
Wombats (Phagcolonua ) — types of poudied marnTnaliaTi fiunilies, suipassing in 
bulk any of the allied still existing species. 

The picture of nn«TYiTnfl.1iw.Ti life in the Australian continent paralleled, of old, that 
BtiU ms^ested in Asia and Afiica : huge herbivorous quadrupeds were kept in check 
by laige powerful carnivorous ones, but both were represented by species of a 
lower grade of organisation; and the inferior cerebral development of the ^[arsupicdia 
may be into account when we attribute to the advent in Australia of the 

Bimanous race the extirpation of the beasts afibrding the greatest quantity of anim al 
food, and the consequent reduction of the pouched fianiHes to such smaller existing 
species as are still able to escape by concealment in burrows, trees, and brush fiirests. 


AUDEKUTIlf. 

(Added 22nd Deoemlier, 1886.) 

Since communicating the foregoing Paper, I have received &om Geoegb Kbedubio 
Bbnnbxt, Esq., Corresponding Member of the London Zoological Society, a laige 
portion of a mandible of Thylaeoleo cavnifex, discovered in the post-jdiocene bed of 
King’s Oredr, Toowoomba, Queensland, Australia; it is in the same semi-fossilised 
conefition as the Diprotodont remains from that locality. 

The specimen may be seen, together with the oast of the entire mandibular ramus 
from the Wellington Valley Cave, New South Wales, in the Geological Department 
of the British Museum of Natural Bfistory, Oromwdl Bead. 

E. 0. 


Dbscbipiion or the Plats. 

* 

Eig. 1. Mandible of Thylaeoleo carmfex, nat. size, outside view. 

Kg. 2. Mandible of Thylaeoleo ocemifex, nat. mze, inride view. 

Kg. 8. Hind end of mandibular ramus of Thylaeoleo camifex, nat. size. 

(Eeferences to parts in these figures are explained in the text) 
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By TTatto Gadow, Ph.D., M.A., Lecturer on the advanced Morphology of VeHeh'ota, 
and Strickland Curator in die University of Camhidge, 

Communicated "by Pi'ofessor M. Foster, Sec. Jt. S. 


BeceiTed ]llaxcli 11,— Bead Maidi 25, 1886. 
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construct a special house to keep aKv\ and in a healthy condition, a considerable 
number of Reptiles of all orders. 

The study of fresh material possesses great advantages over that of preserved and 
diseased specimens, especially though if the anatomical results can be checked by 
observation of the functions of the organs. 

For a specimen of Siphonops aunulatus I am indebted to Dr. A. Gunther, for some 
of the Alligator embryos to Professor W. K Pabkbe. Struthio embryos had been 
collected by Mr. SBDGmoK, aided by a grant from the Royal Society. Several well- 
preserved Omithorhynchus and Echidna Mr. Sbdgwiok: kindly put at my disposal. 
Adult specimens of Struthio, Rhea, Casuarius, and Apberyx belonged to the 
TH THfA nm of the University of Cambridge, and came for the most part from the 
Zoological Garden, in Loudon. In connexion with these investigations turned up 
several q^uestions concerning the doaoa, which suggested a comparative treatment of 
the whole doacal r^on and of the copulatory organs throughout the Amniota. 

Of Reptiles the following material was at my disposal : — 


♦Alligator Tm>aia«ipiftnBiH. Several embryos and several fresh specimens of about 
5 feet in length, 

Crocodilus palustris. Several baby specimens. 

OrocodUus acutns. About 3 feet long. 

♦Crocodilus biporcatus. Kumerous fresh specimens from 8 inches to 24 inches in 
length. One spemmen of about 3 feet. 

Crocodilus vulgaris. Male copulatory organ of adult ; specimen in R O.S. 

Crocodilus sp. ? TTAlf adult female ; preparation in the Cambridge Museum. 


Monitor indicos. 

’"‘Laoerta ooeillata. Kumerous specimens. 
*Lacerta viridis. Kumerous specimens. 
Psammosaurus scincus. 

*Hatteiia punctata. Male and female. 
^Tropidonotus natrix. Kumerous specimens. 
PelophiluB madagascariensis. Male and female. 
♦Testudo graeca. '' 

*Emys euTopaaa. V Kmnerous q^iecimens. 
*01fimmyB caspioa. ^ 


A 


These is an abundant hteorature on this sulgect, but the descriptions and oondurions 
frund in it frequeidly agree neither with eadi other nor with the austual A 

^seaBsing xevjaw' uf the literatare would lie beyond the scope of this paper. 1 
append, howevar^ e list cf the papers which I have consulted . 

♦Theapeoies aSkoolA kept in tiie Reptile-knue, 
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Bonn, 1842. 
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Gotting®, 1795. 
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Of text-books, see Bai^otjb, Bronn-Hoppmann, Cuvier, GBasKBAua, Huxley, 

Meckel, Milne Edvards, Stannius, Tiedemann, and Wiedebshedi. 


I. Muscles of the Cloaca. 

Crocodilia (figs. 8, 5, 8, 9).— After removal of the skin appears on each tide of the 
anal opening a continuation of the M. rectus abdominis lathis, which, a littie 
beyond the caudal comer of the opening, is attached to tire M. ilio-ischio-caudalis, the 
ftTiift-f mnaa of the laten-ventral mTisdes of the tml. 

Partly covered and crossed by the M. rectos lateralis is the M. transversTis perind, 
■which, endosed between the rectus lateralis and the ischiadic portion of the laterd 
tail musde, arises from the first processus transversi of the caudal vertehr® as a thin 
semi-aponeniotio plate, gradually thickens, and is inserted with traosversdy runniog 

MDCOCLXXXV'n. — * C 
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fibres on to the caudal end of tlie Sympliybis isoliu and to the noiglibouring cornor of 
the a-Tinl opening. Contraction of this muscle opens tUo anus. 

The side -wbUs of the anal portion of the obaoti are suiToxindod hy a rather thin 
layer of muscles, which arise in the inediatU line between tlxe right and loit halvoa of 
the M. isohio-caudalis, from some of the fiist ohevxon bones of the caudal vertebra'. 
Their fibres are directed moro or less transvei-sely towards the xn.it gin of the anus, 
where they axe attached. The most sixperficial portion of this system Inih, however, a 
more longitudinal dixectioxi and is somewhat diiroreiitioied off lioiu the rest; its fihies 
meet at the anterior oomei’ of the anus and surround tho Ijtiei like a sphincter. 
Their contraction closes and dongatos the axxal slit, whilst throxxgh the wtion of the 
more transverse, deeper mass the anal walls are diawii inwaj-ds and am tluxs likowiso 
closed. 

All these muscles, viz, the M. Iransversxts periixei, a tvaxisvoisus lateralis, s. 
levator, and the M. trausveisus inedianus, s. sphincter, together with the M. i-eclus 
lateiailis, are supplied hy a strong branoh of the isdxiadio plexus. Ixi Alligntoi' 
misifissipwisis t his nexvo-hrauoh comes from the stem et, uc., the first postsaoral spiixal 
ixerva It leaves tho pelvis laterally froxxi the texidinous insertion of the M. ischio- 
oaudalis, between this tendon and tho posterior inaigin of tho iscUluxu mvir tin* 
symphysis, and then it supplies, situated suporfieially, tho muscles, Honding out at tho 
same time outaneoxis braudies. 

Coxisiderxng tho nerve-supply, it seexus xuoro xeaHonahlo to fiixp])0H0 that tho 
sphincter muscles are, at least in the Crocothli.x, a diileicntiation of tho post-jiclvio 
portion of the i^stem of the M. metus abdominis, and not of tho true oaudal xnuHolcw. 

In the Chelonia the penis is not attached to lUo pelvis, nor is it in connexion with 
any anal muscles ; but to its dorsum, not far from tlxo glans, ax*e atUohed a pair of long 
retractor muadea, whiohi pass laterally firom the M. pubi-caudahs (fig. 10) (flexor 
caudse obturatorius, Bojantts) into the pelvis, and aiiso from one of the most 
anterior lumbar vertebrm. The position and nerve-supply of these peculiar nmscloH 
show that they are differentiated from the MM. lumbo-oaudales (flex, caudm luiubales, 
Bojanos). There is consequently no homology whatever between tliis (Jholoniau 
retractor (sometimes celled M. isohio-oavemosus) and any of tho Avian and Mamma- 
lian copnlatovy muscles. Its function is somewhat complicated. When tho penis is 
erected and protruded, the muscle acts as the retractor, hut when the oigan is in a 
ifdaxed condition and, when at rest, doubled up and withdrawn into the cloaca, ns 
shown in 26, contraction of the muscle, owing to its pulley-like course round the 
M. pub{-<Qa<idelis, undoubles it and protrudes it so far that the gloixs becomes visible 
in the Wl , opepung. This is seen in micturating Tortoises, because the penis has to 
be to withdraw the glans from its position ventrally ftom tlxe 

fcftd p, whexedt hloiiiSI-fSiie tj^enitxg of the bladder. Boring dcfeeoatxon, on tixe other 
hsad, the dOuhlsd tiAd patois Sfe pressed agaiixst each othor, and, together 

the down, effoptively protect the urino-genital 
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apparatus. This explains why in the Tortoises deftecatiou and micturition axe 
separate acts. How the penis becomes doubled up is not very easily seen ; probably 
through the greater elasticity of its grooved side and through the contraction of the 
walls of the cloacal chamber. 

The vestibulum cloacae is capable of considerable shortening through the longi- 
tudinal unstriped muscles of its walls and through the paired M. pubi-caudalis, which 
— arising from the transverse processes of some of the caudal vextebrse near the anal 
opening, and being attached to the splanchnic side of the pubic symphysis- — can by 
its contraction bend the tail ; at the same time both muscle-bands exert a pressure 
upon the lateri-venti*al walls of the outer cloacal chamber. Anal muscles proper, 
like a distinct sphincter, are not developed in the Chelonia. The M. ischiocaudalis 
(flexor caud® ischiadicus of Bojantts) arises from most of the postsacral and caudal 
vertebr ® ; its fibres run transversely, and form a broad, although thin, muscular 
layer, which, besides on the tuber isohii, is inserted aponeurotically on the visceral 
side of the ischiadic symphysis. From the caudal corner of this symphysis to the 
anus the muscle-fibres meet with those of the other side, and being partly attached to 
the cutaneous lips of the anus, bridge over the whole cloaca. They act upon the 
latter as a constrictor. Some of the most superficinl fibres, between the caudal 
margin of the ischium and the anterior comer of the anus, assume a more longitudinal 
direction and an independent aspect ; they are described by Bojantjs as dilatator 
cloac®, whilst in Testudo gr®ca they are hardly developed. 

In the Birds (fig. 15) a typical M. sphincter ani is formed from the same muscular 
layer just desoribed in the Chelonia. This layer is differentiated into two muscles 
(l) M. transverso-analis j it surises in a variable way fiom the distal caudal portions of 
the pelvic bones : in rare cases also from the transverse processes of some caudal 
vertebr® ; its fibres form jn the medio-veutral line a more or less aponeurotic junction 
with those from the other side, and are also attached to the anterior margin of the anal 
opening, where they are blended with (2) the M. sphincter. The fibres of the latter 
surround the anal opening in the typical way, and have no connexion with skeletal 
parts, except indirectly where there are a few mnsculax slips attached to the flexor 
muscles of the tail or to the skin in which the tail feathers axe lodged. The M. 
sphincter and the M. transverso-analis axe, like the Cloaca, supplied hy nerves from 
the plexus pudendus. In Mea (fig. 15) there is on each side a double M. levator 
ani, which arises from the distal portions of the pelvic bones, and is attached to the 
dorsal comer of the anus. It is probably a differentiation of the M. transverso-analis. 
We can derive the Avian arrangement easily from that of the Chelonia if we 
imag inA that in ihe Birds the M, iaohio-caudalis of the Chdonia has lost its origin 
from the tail, and that a separation took place between the anal portion (future M. 
sphincter) and the portion between the anus and the pdvio bones. The rest of the 
reptilian ventri-lateral muscles between tail and pdvis is represented in the Birds by 
the MM. pubi- and iIeo-coc<grgei. 

c 2 
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In those Cariaata 3 which, like the Jnatid<s, possoHR a <*opulatoiy organ, llio lutlor w 
placed slightly asymmetrically on the lefl side of tlio vcntri-latornl cloacal wall. Tn 
connexion with its basal portion are several muscular bundles, which somehow seem to 
be able to protrude and to retract the penis. They are merely branclios from the 
inner portion of the voluntary sphincter ani, which itself in its ventml half is more 
developed towards the left side. It seems probahle that through the notion of the 
inner portion of the M. sphincter the vestibular walls he evcrlod, and that with 
them the penis is protruded. 

In the RatitOB the strongly-devoloped oopulatory organ npcessitjites tho prosonco of 
special copulatory muscles. Tliere is in HJiea on. each side a M. pvotnictt)r penis, 
which in a similar way as in, Anas is developed from ati inner layer of tho sphincter, 
but it goes as a rather independent muscle to tho lateral portion of the hsisis jmnis. 
In Struthio it receives a slip from the M. tnins verso-anal is, whi<sh descends from the 
pelvic hones. A pair of retractoros ponis arises from tho i^elvis, and is attached to 
the ventral aspect of the middle portion of the organ. 

The copulatory muscles of the Oarinatm afo oonsoquontly derived from the M. 
sphincter ani solely, whilst in the Ratituo tlioy are portly also diderontiatioiis of 
musdos, which are still attached to tho pelvis, and are thorofoTO skoh‘to-gcultnJ. 

Snurii . — ^The numerous anal and oopulatory muscles of tho Jjocortilia have Ixson 
described anrl figured intbe ‘Morphologisohes Jahvhuoh,* vol. 7. Tho striped retractor 
muscles of the two penes cannot ho compared to any of tho other rtaui-opuln, although 
they are likewise dilTerentiations either of the ventral caudal musoles or of tlio M. 
sphincter. The latter is almost independent, arising, however, from some ol tlio limt 
transverse processes of the tail vertobim. ITntt€i'U( possessc's a M. jiovinoi s. tiiuis- 
vereo-analis like the Lizards ; also a M. transvorsus mediauus almost exactly like that 
desenhed "in the Crocodilia ; its most superficial fibres are tfansfoi’mod into a distinct 
outermost sphincter, which, according to the shape of the anal opening, lies tittns- 
versely and not longitudinally as in the Crocodilia. 

From the outside of the M. transversns medianus, and covered by tho M. s|)hiuoter, 
starts on each side a broad but thin muscle, which runs bock and attaches itself 
aponeuroticaJly on the skin and on the fascia of the ischio-caudalis, behind the anus. 
It resembles a very mmUar pair of muscles of tho Lizards. 

The odoriferous glands receive a coating of striped muscular fibres from tho M. 
transversus medianus. 

The anal and oopulatory musdes of the Mmfmwlia show the greatest diiForentiation, 
In the Monotrenuxta a broad, striated muscle arises from the ischium and attaches 
itself with a small portion to the root of the crura penis, sending at the same time 
fibres along the dorsum of that organ; it is a M. isohio-cavernosus ; its greater 
portion, however, runs along the ventral and lateral walls of the cloaca, attaolios 
itself to them, and extends as far as the sphincter ani, with which its fibres partly 
blend. Through the action of this muscle undoubtedly the cloaca can be considerably 
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shortened, ond, since the penis is not attached directly (except through the ischio- 
cavemosus) to the pelvis, the organ can be protruded. The sphincter doacss extemus 
18 strong, and an inner portion of it shows the division into a sphincter ani and a 
sphincter of the opening for the penis. Eetraction of the copiilatory organ is 
perfected (besides by the relaxation of the M. ischio-cloacalis just described, and by 
contraction of the pelvic portion of the ischio-cavemosus) by the assistance of a small 
non-striped muscle, running along the dorsum to the glans penis, and fonnmg the 
continuation of the longitudinal muscular layer of the sinus uro-genitalis. During 
the erection this small muscle acts as M, leuator petm, with which it is homologous in 
other Mammalia. 

The sphincter ani consequently does not take a share in the musde-supply of the 
copulatory organ, and thus exhibits a difference from the Birds and Lizards. 

All other Marsupial and Placental Mammalia possess likewise a muscle which arises 
from the pubischium and which grasps the crura penis ; it may, however, arise from 
the ischium or from the pubis only (M. ischio-cavemosus s. erector penis). 

The sphincter ani extemus and the M. bulbo-cavemosus are to be looked upon as 
oiiginally one mass, divided, hand-in-hand with the disappearance of the cloaca, into a 
dorsal portion or «-Tin.T sphincter, and into a ventral poHion or M. bulbo-cavemosus, 
s. accelerator urin® (constrictor vestibuli in the female), with a third portion, the 
M. ureihmlis. The M. levator ani, the M. transversus perinei, and the M. ischio- 
cavemosus remind us of the Eatite arrangement. A M. levator penis is found in 
most Mammals, and is fixed to the dorsum penis. Sometimes, e.g., in Chiromys and 
in the Marsupials, it arises from the crura penis or from their fascia, and, therefore, 
still retains Monotreme conditiona In most Plaoentalia it has become attached to 
the skeleton, arising from the symphysis pubis (Rodents, Elephants) or from the 
fascia below it (Monkeys), from the ischial tuberosity (Hedge-hog), from the pubis and 
ischium with a broad origin (Horse), or, lastly, from the first caudal vertebrae, in which 
case it passes to the right and left from the rectum (Carnivora). In Man it is much 
reduced. Its chief action is frequently only the compression of the ven» dorsales 
penis. 

Attached to the urethral side of the penis, sometimes extending down to its glans, 
is another, often very powerful, likewise non-striped nmsde, the I'etractor perns, 
fig. 28 . It is best developed in those Mammals in which the copulatory organ is 
lodged in a canal formed by the abdominal skin, hut it is absent in the Rodents and 
Camivom, and in those Mammals which have a free or pendent copulatory organ 
(Primates, Chiroptera). 

It arises either from the sacrum or coccyx (Marsupials, Horse, Boar), and passes in 
this ease on each side of the anus, or it comes from the ventral region of the sphincter 
ani (Cetacea, Ruminants) ; in the Bull it attains a length of about 30 cms., and each 

of its halves is more than 1 cm. in thickness. 

Distinctly copulatory muscles in the Mammalia are consequently derived from 
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skeletal and also from non-striped mnscles. How hucU iiivoliuitiiiy nuimsloR oau Ix' 
separated off from the longitudinal mneonlaviH of tho inlestinal canal is shown, hcsiilcs 
by the M. levator of Oniithoi-hynchua, by tlio Crocodilia. 'riioro is in Alligator 
(figs. 3-5) a broad, rather double baud of non-siriijcd muscl(‘, which, near tho place 
where the ureters enter into tho cloucal wall, loaves the latter, jjc’rfoniles tlie voluntary 
M. trausversus cloaese, and firmly attaches itself to tho fascia which covero tho 
M. iaohio-caudaJis, rather near tho niedio-ventral line. Theiv ctin ho little doubt that 
this musole is an additional protractor or shortonor of tho cloaca) chainbt'r, and holps 
to bring the copitlatory organ to tho surfitce. 


II. The Ne^'ir-Sui)^1y of the Clodctd Hetfou. 

The lumbar and sacral plexns of tho Reptiles has been th'seribed and figured in t he 
‘ Morphologisches Jahrbuch,’ vol. 7, but without icforoiico to the plexus pudoudus 
proper. 

In Alliyator missmipipnsiis (fig. 3) the primary sacral nervo H is as ji rule Iho 
twenty-sixth spinal. Tho obturator nerve Is composed of whilst the ischitulw* 


plexus is formed by tho greater portion of h, the oiitiro stem S, and a cunsidonjblo 
part of a, which is the finat postsacral nerve, a wnids out tho following braaclu's : 

1. Several strong branches to iho powerful M. caiuU-femoraHs, which w'ecivoH furlhcr 
on a similar supply from j8 and y. 2. A long nervo which passes to (<;/! )). 10) tlm 
caudal margin of the symphysis ischium, and then supjdios a porfaon of the M. r(«ctuH 
lateralis, the M, trausversus lateralis s. modianus, iho striped inusdcs of tho amis. 
3. Several entirely cutaneous brunches arc distributed over that region. 

and y supply, like the other caudal spinal norves, the M. caudi-iaohitidic.ns ; the 
share of j8 in this is, however, very small. 

The stem /S receives a braaoh from y and from a, tlirough wliioli oomiuuaiiou a sort 
of individually most variable plexus is formed ; it supplies with several hnmclios tlu* 
musdes of the dorsal and of the lateral wall of the uruiaiy oluunbor, and, inoreovor, tho 
penis or clitoris, and lastly through many ramifications tho rost of tiro wholu cluocal 
vestibulmn a. proctodffium. 

The sympathetic system is arranged os follows : — ^In tho lumbo-sacml region dtuyu 
to « it is very regularly composed of metamerio ganglia, rami oommunicautos, Ac. { 
the peripheral branches supply the testes, kidneys, hlood-vossols and the gut; rro 
changes regarding the nervous system are visible at the level of e, the fifth jrroHucnvl 
nerv^ at about which level the ileum passes into the rectum. 

A remarkable change, however, takes place at a. Tho usual ganglion is somewhat 
removed from the stem on to the lateral chain, and numerous nervo branohes aro sent 
to tho intestinal wall. In level of )8 all this is changed. The sympathetic system is 
reduced to a paired b|iain, composed of very thin rami oommunioantes sent from 
A y» 8, 4o. There are no ganglh visible, and the chain supplies merely the caudal 
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veaseh. No brandies are sent to tbe cloaca, the anus, or to the copulatoty organ. 
This break between an essentially vasomotor and an ordinary visceral supply taking 
place between a and coincides fairly well with the end of the rectum and the 
beginning of the interior cloacal diamber s. urodseum. 

Microscopic examination of osmic preparations of the various nerves mentioned 
above showed the following : — 

Nerves supplying the M. oaudi-isohiadious. — ^The ordinary somatic structure. 

Nerves of stem j8, supplying the rectal wall. — Consisting of two portions, one non- 
raedullatod, the other with fine medullated fibres. 

Nerves to the penis. — Many non-meduUated (“ sympathetic ” vaso-motor), and 
many fine medullated (visceral) fibres ; the whole nerve agreeing exactly with a 
t 3 rpical N. erigens in structure. 

A piece of nerve of the lateral i^mpathetic chain between y and 8 agrees much with 
the rectal branches from /S ; it is a visceral nerve with small medullated fibres, and a 
large amount of non-mednllated fibres. 

In the Lizards the anal and sexual muscles are likewise supplied by postsacral 
nerves, which chiefly belong — like in tbe Crocodiles— to stem a in Cncinido- 

pkorus, Ilattei’ia s or to stems a+S in Oyclodus, Phttydactylits, Lcwierki vb'idia, 
Opho'yocssn, Polyclirus ; or to stems a+j8 in CJia/nueleon. 

The (floacal I’egion ia. JSmys is supplied chiefly by tbe 22nd-|-23rd+24th nerves, i.6., 
y_|.8+€, the penis by the 24th and 25th=ed-C. The same formula applies to 
Testudo gvcBca. All these doacal and copulatoiy nerve-bi-ancbes run between tbe 
cloacal lateral waUs and the M. lumbo-caudalis and M. pubi-caudalis, branching off 
from the whole spinal nervenst'ems near the middle line, 

III. The Modifications of the Oloaccu 

The internal or cephalic end of the cloaca of tbe Crocodilict^ is marked by a very 
prominent ring- wall (fig 23, nc), which is produced by the concentration of the ciitsular 
muscular fibres. Somewhat half-way between the cephalic end and the anal opening 
ia another fold (fig. 22, F), cldefly formed by the submucosa of the cloacal walk, most 
prominent on the dorsal side. These two semi-lunar folds are frequently so high and 
well developed that their opposite lips touch each other. They divide the whole 
cloaca into two chambers. The anterior, inner or cephalic, one has the same coatings 
as the rectum, but its inner walls are smooth and different in structure firom the 
rectum. Into the dorao-lateral sides the ureters open separately, just above a promi- 
nent papilla. This chamber ia either empty, or filled with the clear, almost colourless 
urine, which can distend this “ uiinary chamber ” into an oval shape of very large 
size. It never contains faeces, which only paas through it. Such a chamber is 
peculiar to the Crooodilia. At the first glance we should compare it either to the 
chamber TTD, or, because of its shape and partial function, to tbe chamber CD of 
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Saurians and Bii-ds, but in neither cane would the folds bordering its cephalic and 
caudal ends correspond with those of the other Sauropida. In fact the uxm^ 
compartment described above is homologous with the chambers UD and CD of the 
Saurians, Snakes, and Biids. This I am able to prove by the condition of things 
prevailing in very young, but already hatched, Crocodilia (fig. 23). In Alligator 
mississi^nensis (snout to anus 13 oms.) the ureters open into a small roundi^ chamber, 
which is bordered head- and tailwards by a high and veiy piomineut cmculnr fold. 
The fold towards the head is situated closely above the urinaiy orifices, and leads into 
a slightly larger chamber, CD, the inner walls of which are very irregular through 
high longitudinal and obHque folds; the lumen of this chamber CD is small, and 
shows the same internal structure as the rectum above, from which it is separated by 
another prominent and very thick fold. Externally both chambers CD and UD are 
Burrounded by a powerful layer of chiefly circular muscles, which mark the termina- 
tion of the rectum very distinctly, and give the chambers UD and CD the external 
appearance of one swollen bulb. The inside of both chambers shows numerous folds, 
finer and more villous in UD. In young Crocodihis palutsPris (snout to anus ti cms.) 
a very similar condition prevailed, but the inside of chamber UD was smooth, velvet - 
like, remarkably different from that of CD, the mucosa of which showed the same 
structure as the upper rectum. In young Qrocodilus hiporoatus (snout to anus 15 oms.) 
a remarkable difference is observed. The fold to has almost entirely disappeared, 
and the chamber CD, besides now forming one compartment with UD, is considoi'- 
ahly elongate ; the inhide shows only a few longitudinal folds, the walla of the two 
united chambers are thin, and much of the former strong muscular coating has given 
way to thin longitudinal fibres. 

In still older specimens of Crocodilus and Alligator the original two chambers are 
transformed into one thin-walled, much-distended, and inside almost smooth compart- 
ment, shut off from the rest of the rectum by a sphincter and fold like that of the 
adult. This diows that the peculiar arrangement of the adult Crocodilia is secondarily 
acqiured, and that part of the rectum, viz., CD, is transformed together with UD 
into a room intended for the exclusive retention of urine. The outer, posterior or extrar 
pelvio chamber (vestibulum) is characterised by a much stronger development of the 
k>Qgitaduml musdes, a considerable portion of which goes as a detached band to the 
post-anal region of the teul {cf. p. 14) ; its dorsal wall is much longer than the ventral, 
like in aU animals with a longitudinal anal opening. Near its lateral margin opens on 
each dde a complicated mnsk-gland at the fundus of a deep recessns. The walls of 
the latter can, like those of the gular musk-glands, be everted at will like the finger 
of a glove, chiefly through the pressure of the superimposed M, sphincter transversus. 
The smeary contents of the gland- bags are pressed out by the non-striped muscular 
costing of the hag^ firom which runs a likewise non-striped cord to the ciura penis. 
It is generally supposed that through these steong scent-glands the sexes are enabled 
to 6nd eodi other, but bemdes this sexual advantage they seem to be used as warning 
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organs, an idea wliicli is suggested by the feet that all these glands secrete already in 
very young specimens, and that the vicious little Crocodiles (from one to two feet in 
length) kept in my reptile-house evert them when very angry- On the ventral wall, 
and immediately towards the outer side of the fold between the inner and outer 
chamber, is situated the penis. Its epithelial coating is continuous with that of the 
fold- The organ itself is attached to the caudal comer of the ischiadic symphysis by 
a strong and roundish iibrous band (figs- 1 and 8), which arises single from the ventral 
sides and forms partly the continuation of the two fibrous halves of the penis ; the 
bulk of the crura penis (comparable to the corpora, cavernosa) is not attached to the 
pelvis, as generally stated, but projects backwards towards and into the pelvis. 

This portion of the crura penis is decidedly rich in lacunae and other venous 
cavemosities, and is in aU probability able to be swelled. 

In tbe comer between the pelvis and the lateral side of each crus is a recessus, lined 
by the peritoneum. The fundus of this recessus is open and leads through a canal 
into the cloaca. The outer orifice of these peritoneal canals is protected by a s mal l 
papilla. Ill the neighbourhood of these papillm are several small blind sacs or lacunae 
(cf. fig. l), and ftn’ther towards the glans I observed in the adult specimen of 
CrocodUus nilotious three or four soft papilla-like projections of the outer coating of 
this organ. They are furnished with sensory hedonic corpuscles. 

The deep groove on the dorsal side of the penis ends towards the crura in a blind 
sac, into the further comer of which open the vasa deferential 

Tti young female specimens, up to a total length of 3—4 feet, the clitoris is nearly 
of the same size as the male organ, but in larger specimens it is considerably 
smaller (c/I fig. 2). The whole structure of the organ is the same in both sexes, with 
the exception of the position of the openings of the vasa deferentia and the oviducts. 
The latter do not open into the recessus of the dorsal groove hut on the brim, or 
rather outside, the intracloacal fold, close to the dorsal base of the clitoris. In both 
sexes, therefore, the genital tubes, although at first running along and piercing 
through (in the male) the dorsal doacal wall, open in a decidedly ventral position and 
thus represent an arrangement similar to that of the Chelonia and Mammalia, whilst in 
the Lizards, Snakes, and Birds these tubes retain their onginal dorsal position. 
Moreover the whole cloaca of the adult Crocodilia is divided into a genital or copu- 
latoiy and into a strictly urinal diamber, the latter beiiig situated between the former 
and the rectum. As this also is an arrangement not found in other Vertehrata, it will 
perhaps not be unnecessary to make some remarks on the doacal region of the other 
Sauxopida and the Mammalia, especially because, in spite of BmooE's first-rate 
monograph, we shall observe certain anatomical and physiological points wHch 
hitherto have escaped notice. 

The Xwarcfo represent a peculiar type (figs. 17 and 18). The transverse anal 
opening leads intoanotvery capacious doaca^ which in Lacertais divided intoan outer 
or more ventral and into an intemal or more dorsal chamber. This division is formed 
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by two very large triangular flaps, one on each side, which arise from the inner, or 
median, root of each penis, and extend towards the medio-ventral Hne to the ventral 
or anterior margin of the anus. Each flap, more or loss horizontally, lies inside the 
anal sphincter, so that, if the latter is dosed, it is hidden from view. In the verti- 
bulum thus formed open the penes and the neighbouring anal glands. 

The slit between the free margins of the two flaps leads into a somewhat larger 
chamber, which is shut off from the rectum by a stroug more or 1^ circular fold. 
This fold is, however, very low on the ventoal, but very high and thick on the doraal 
wall. Thus is formed a rather deep dorsal recessus, into which open the urino-genital 
nannla In MoTiitor, LoceHa, Anguis, Cahtes, the ureter and the vaa deferens of each 
side are united into one short canal, which opens on a small papilla ; in the female 
the two oviducts and the two ureters have four sepamte openings. In the genus 
Laphura both ureters unite, foi-m a small pseudo-bladderlike dilatation, and open on 
one papi lla, in the dorso-median line ; the oviducts have likewise one outer opening 
only, situated a little nearer towards the pelvis than the urinary opening, but they 
are divided by a longitudinal septum, which extends almost to their orifice. 

The urino-genital recessus is surrounded by a thick and low nearly circular fold, 
formed entirely by the dorsal wall ; it can dose the recessus almost completely. This 
fnid is arranged in such a way that, when pressed upon by the feces coming from the 
rectum, the recessus is completely protected, but otherwise it leads the urine towards 
the urinary bladder, or, if that organ be not developed, into the rectal chamber. 

This rectal chamber is very capacious and is marked off both against the rest of 
the rectum and against the cloaca by high and strong semicircular folds. Its internal 
structure in L, oceUata and L. viridis agrees with that of the rest of the rectum (which 
ftftw sometimes form another pouch-like dilatation), but in Monitor its quite smooth and 
thin walls, with a very feebly-developed layer of dxcular muscle-fibres, bear more 
resemblance to the cloaca than to the rectum. 

Most T.iwtrfiHj with the exception of the Monitors, AmphishcenidcB, and some 
Agamidcs, possess a true urinary bladder ; it is often of considerable size, and opens 
by a narrow tube on the ventral side exactly on (or slightly analwards from) the fold 
between the lower rectal and the urino-genital chamber. This position explains how, 
if the anal opening be firmly closed and the whole vestibulum be compressed, the urine 
can enter this bladder ; and, secondly, how, by contraction of the bladder, part of the 
urine can enter the rectal chamber and there mix with the feeces, which, as is well 
known, almost invariably contain portions of the whitish-yellow urea This rectal 
poudi is, therefore, a true doaoa in the physiological sense. 

In the MjaniUnrs the inner <h.visions between the vestibulum and the urino-genital 
chamber are not well marked, and it is only by artificial means that folds corre- 
sponding to those of the LaoerUB can be traced. 

The Ophidian type (fig. 19) is rimilar to that of the Sanriana The rectum foims 
a capacious, thin-walled, and smooth, db^mber, wbioh can be shut against the rest of 
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the rectum by a thin but high circular fold, and against the cloaca by a high and 
thick semi-lunar fold coming down from tbe dorsal wall. The cloaca forms a dorsal 
recessus, into which open the oviducts ; this sometimes common ostium is provided 
with a strong sphincter, which is in connexion with the fold just described. The 
ureters open side by side in one common slight niche on the dorsal aide, towards the 
caudal margia of the anus ; the HTwan lips of the niche can close this little chamber, 
lu the Tnalfl snakes the ureters and vasa deferentia of each side are commonly umted. 
A peculiarity of the Ophidia is, therefore, the separate and independent position of 
the oTiductk orifices. The whole cloaca i^ although imperfectly only, divided by 
horizontal or oblique dorso -lateral folds into a dorso-internal or uiino-genital and a 
ventri-extemal or fsecal chamber— -an arrangement similar to that of the Lizards, 
The latter chamber represents, of course, the vestibulum ; it receives in its posterior 
dorsal wall the penei^ and on the lateral side of them the well-developed anal glands. 
In the female the representatives of the penes are frequently very small, and reduced 
to mere shallow invaginations of the postanal wall, but the anal glands aie developed 
much stronger than in the male, and fill up the whole space otherwise occupied by the 
male organ. Like in the Lizards, only stiU more completely, the rectal chamber 
retains both faeces and urine, acting therefore as a cloaca. 

The cloacal arrangement of HatteHa (figs. 12 and 13) represents a type by itself, 
which, however, bears resemblance to that of the Lizards. 

The transverse anal slit is bordered by non-prominent lips, and leads into a rather 
deep triangular chamber, which is lined by ihe continuation of the invaginated outer 
skin. In tliia chamber are seen three deep holes, viz., in each of the outer comers the 
openings of the anal glands, which have been accurately described by Dr. Gumthbb. 
They are of double the size of a common pea, and in the living animal have a strong, 
rather agreeable smell of musk and violets; the middle hole is round, and can be 
completely closed through the contraction of the M. transversus medianus. Its walls 
seem to possess thick lips ; when cut open there is, however, only a very thin, 
although high, fold, which passes gradually into the lin i n g of the cloaca, and contains 
no musdes. This fold is not clearly represented in any other reptile, although 
indications of it exist in many Lizards. The total absence of copulatoiy organs in 
Hatteria suggests that during copulation this circular fold can be protruded by 
inward pressure of the cloaca in order to secure conception. It would then bear a 
striking resemblance to the arrangement found in the Coecilia (^ p. 27). This hole 
leads into another chamber which in a half-grown female was 7 mms. long ; its walls 
are lined with mucous membrane thrown into slight longitudinal folds. Inwards, 
towards the pelvic end, this chamber is bordered by another fold , this is circular, 
thick at its base, thinner at its free margin, and towards the dorao-median line it is 
raised into a triangular or conical flap, which is about S mms. high, and fits into the 
opening of the bladder in the opposite ventral wall. This fold corresponds to the 
fold F of other Reptiles. The next chamber is wider and longer and of the same 
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fitracture aa the previous one, but with softer walls. Into it ope^ in the medio 
ventral line the long-necked bladder, and near the dorso-median line open on each 
side, near the base of a papilla, the ureters and the genital ducts. In ibe 
there is one openmg only for the oviduct and for the ureter of each side. This 
urodseum, or urino-genital chamber, is as usual shut off from the rectum by a h^h 
circular fold. Peritoneal canals are indicated by two recessus of the body cavity, 
which laterally, from the urino-genital orifices, extend into the cloacal wall, and below 
the fold F end each in a small non-perforated papilla. The latter were best developed 

in the male, and are represented in fig. 12. 

The Avian type (figs. 14, 15, 16, 20, 21) is an interesting modification of both the 
crocodilian and the saurian arrangement. The determination of the various chambers 
is beset with difficulties because of the extreme variability of the separating folds. 

The whole cloaca of most birds is divisible into a vestibulum, a urino-genital or 
middle chamber, and a rectal or innCTmost chamber. 

The middle or urino-genital chamber is smaE ; it receives in its dorso-laterol walls 
the ureters flud the genital ducts, which are frequently protected by papilhe. Imme- 
diately above (headwards from) the uretro-genital orifices is a oirouliu: fold^ re, most 
prominent on the ventral side ; below the orifices, t.e., towards the tail, is always 
present a well-marked fold F (sphincter vSsical of Mabun-St.-Angb), best developed 
on the dorsal and lateral sides, whilst towards the ventral aspect it goes over into the 
coating of the copulatory organ, when such is present ; sometimes, however, the fold 
is nearly circular, and very distinct. The room between this fold and the outer anal 
opening is homologous with the vestibulum of other Amniota ; it lodg^ the copula- 
toiy organ ; a wide opening in its dorsal well leads into the bursa FabriciL The 
entrance to this pouch is sometimes, e.g., Struthio and Iieptoptilus, guarded by a 
valvular fold, and divides the whole of the vestibolum, according to Gboebtsoy, into a 
bourse dn prSpuoe and a hov/rse acoessovre (bursa Fabricii) ; this fold is, however, 
unimportant, and absent in many birds. That the bursa often forms a mere dorsal 
of the vestibulum baa been shown and explained by Fobsbs. Near the 
sides of the penis, in various potitioim, are often found in both sexes glandular pores 
(Cowpeb’s glands, Geopbbot), reminding ua of similar pits in the Crocodile. They 
occur, however, also in birds which possess no copulatory organ, and seem, therefore, 
to belong to the vestibulum itself; their analogy with anal glands of other vertebrata 
seefms remote. The third chamber is situated above the urino-genital one, and this 
presents some difficulties. In most birds it forms an oval dilatation of the rectum, 
and is of considerable Enze. lu Casuarius aud Bhea it goes gradually over into the 
rest <d the rectum, and its inner walls agree in structure with the latter, but in noany 
Carinatss, and in Struthio, the cephalic end of this chamber is marked by a very well 
developed tiioular fold and sphincter-like constriction, and, in connexion with this, the 
innecr structure of the walls is smooth and very different from that of the rectum. 
Transitional stages are, however, numerona Moreover, in Struthio this chamber is 
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followed by another smaller and less defined one. The succession of the chambers in 
Struthio therefore resembles much that of certain Saurians and that of very young 
Crocodiles. 

It follows, from the arrangement described above, that in birds the urine is not 
retained in the small urino-genital chamber, but that, like in lizards and snakes, it 
passes into the next compartment above. Through this pass, of course, in all birds 
the faeces ; if the latter are very loose and watery, like in the raptorial birds, ducks, 
herons, cormorants, they collect in the then very capacious room, together with the 
urine, and transform it into a doaca. If the fmces are more resistent, e.g.^ in geese, 
they are generally retained in the rectum, above fold r, and simply pass through the 
doaca, nnlpaa, as in sitting birds, an unusual accumulation of excrements takes place. 
In the Ostriches defeecation and micturition are mostly separate acts, eq)eoially when 
through a large development of the bursa Fabricii a physiological (dorsally situated) 
bladder is produced. 

The Chdonia (fig. 10, 11, 24, 25) represent a type somewhat intermediate between 
that of the Batitae and that of the Monotremata, at the same time bearing dight 
resemblances to that of the Saurii. The rectum is separated from the doaca by a 
very distinct circular inner sphincter, rc, fig. 25. The genital ducts and the ureters 
open separately into a wide urino-genital sinus, which through a wide neck leads into 
the large ventral urinary bladder; on the other band it stands in communication with 
the doaca by a large aperture. This aperture is surrounded by a partly transverse, 
but chiefly longitudinal, horizontal fold, the right and left halves of which can by 
approadiing each other completdy dose the urino-genital sinus, and in fact do so firmly 
in the living animal. The walls in the recessus recto-vesicalis project over the opening 
of the sinus, as shown in figs. 10, 11, 25, and 26. In the female they generally do not 
extend far enough towards the tail to reach the root of the ditoris, because this organ 
is, when very small like in Chdys, very far removed from the sinus. In the mal^ 
however, the crura penis extend so far bask towards the rectum that the end of the 
dorsal groove of the organ can, with the help of the folds, receive the sperma. The 
fold p, namely, is continued {cf, p. 1, fig. 11) into the loose sheath-like covering of 
the penis, and gradually passes over from ^e margins of the longitudinal groove 
towards the dorsum penis, and near the glans it goes over into the thin ventral walls 
of the vestibular portion of the doaca, as visible in % 10, near the insertion of the 
M. retractor poniB. A result of this somewhat complicated arrangement of this 
doacal-penial fold is that the copulatory organ in its proximal portion is situated 
rather outside the doaca, whilst the terminal portion, or glans, is freely projecting 
into the doacal lumen. Moreover, when the organ is relaxed and withdrawn, the 
whole doacal-penial fold surrounds the organ like a rudimentary preputial sheath, 
which then bears a considerable resemblance to the conditions in Omithorhynchus, 

fig- 27. 

We can reduce the Chelonian doacal type to the general Sauropidan arrangement 
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by the assumption that the ventral portion of the original chamber U D has been 
developed and partly shut off ftom the rest. Through the development of such a 
sinus urino-genitalis, the separation into a ventral or urino-genital-copulatoiy, and 
into a dorsal or fseced portion of the “doaca,” is introduced, although imperfectly. 
At a»jy rate there is no longer any retention of urine and of fsaces in one common 
chamber : micturition and defsecation have become separate acts which exclude each 
other. also p. 11. 

JPaired <incd pouches (cloacal bladders, anal sacs, &o.), opening by wide apertures 
into the dorsal wall of the cloaca opposite the urino-genital sinus, are present in the 
amphibiotic Emydes and in the more aquatic Ghelydse, but absent in the terrestrial 
Chersida and in the marine Cheloniid®, which latter have their feet transformed 
into fins. In most Mud Tortoises (Trionychid©) they seem likewise to be absent. 
HojmANN, however, found them in a male T. cegyptiacua, but not in a female T sinensis. 

These pouches are so placed that they can be compressed by the abdominal muscles 
and by the retraction of the hinder extremities, indirectly also through a peculiar 
in connexion with the M. lumbo-caudalis. Their walls possess often a 
considerable layer of circular and longitudinal non-stnped muscles ] their inside is 
sometimes villous, mostly smootii, but never glandular. The orifices of these pouches 
can be brought into direct communication with the cloaca, to the complete exclusion 
of all other openings, except the external anus (Andbbson). 

Andebson, Beidqe follows him, considers them as the “ structural equivalents ” 
of the anal musk-glands of the Orocodilia, but he adds that he “ never particularly 
observed that the Chelonia possessing these pouches are more characterised by a 
peculiar odour than the pouchless forma” They frequently yield a yellowish 
grumous substance, most especially abundant in those forms which have these 
bladders provided with villi (Platysternum). This compariBon is erroneous, as 
already Duyebnoy has pointed out j the pouches are certainly not glands, and are 
devdoped from the middle portion of the doaca, whilst the organs of the Orocodiles 
are skin glands, like those on the throat 

It has been known, since Towson, that some Ohdonia draw water into the doaca 
per anum. He put an Emys into coloured water, and observed that, when put after- 
wards into dear water, it vented coloured water. He conduded from this that water was 
pumped into the anal pouches, and that the latter served for hydinstatic purposes. 
This view has been generally accepted, and is strengthened by the fact that ndther 
the true terrestrial Tortoises nor the marine Turtles with their specialised flippers 
possess such additional hydrostatic organs. 

It was, however, apparently never ascertained if the pouches, and not only the 
doaca, were filled with water. Aedeesoe', with his gi^t experience of Tortoises, 
remarks expressly that, although he had examined, immediatdy afber death, nearly a 
hundred individuals of South Asiatic Emydes, yet in no instance had the doacal 
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bladders been distended with water, whereas they often yielded the grumous substance 
mentioned above. 

To ascertain this, I put a muzzled Emys europcBCL into a large pan of water coloured 
with indigo-carmine in suspended form. When taken out the following day, coloured 
water mixed with small blue clots was freely squirted out, followed by clear urine 
after pressure upon the xiphiplastron. This was repeated on several days. After 
four days I took the Tortoise out and at once clamped the anal opening. P . M. dissec- 
tion showed that no coloured fluid had entered the intestines through the mouth. 
No blue stuflP had entered the urinary bladder, which was half fuU, nor had it passed 
into the rectum or into the oviducts. The vestibulum cloacae and the pouches con- 
tained a little coloured fluid, and each pouch was to the greater part filled with a 
large piece of clotted indigo-carmine. This could not have been collected there 
unless the Tortoise had frequently taken in water. 

Peritoneal canals exist in all Chelonia. Their abdominal openings are situated in a 
recess of the peritoneum close to the sides of the neck of the bladder, Andebson 
h a rS done much to clear up the great diversities contained in the descriptions of these 
organs by various anatomists ; discrepancies which are less due to faulty observation 
to too hasty generalisations, Cuvieb described the peritoneal canals as termi- 
nating blindly near the glans penis in the male. Isidore Geoffrot St. TTtTiATRE and 
Mabtin believed that, as Andebson pu-te it, the canals divide at their extremity 
into two branches, one going into the cloaca, and the other tending towards the 
corpus cavemosum, in this way, that it opened into thS cavity of the corpus 
cavemosum in Tortoises, whilst it terminated in a cul-de-sac in the Crocodiles. 
Owen adheres more or less to this view. Rathkb does not mention these canals. 
Stannius says that in the Chdonians these peritoneal canals ^*are apparently, without 
exception, closed at their ends.” 

Andebson, after most carefully conducted experiments, expresses himself cautiously: 
** I am not prepared to go the length of saying that there is invariably a communication 
between the peritoneal canals and the cloaca in the males ; but at the same time there 
can be no doubt that in the males of GecBTnyda gTXindis, Emys Sct/miltoni^ and Trionyx 
ocellatus such a communication does exist. In this respect these animals conform to 
the course of these canals in the Crocodile. . . . All I insist on is that in the males, 
as in the females, experimented upon, these canals do open into the cloaca, and in this 
respect conform to the general type of structure distinctive of the peritoneal canals 
of Crocodilia, and of the so-called abdominal poms of the Cyclostomata and Ganoid 
Fishes.” 

Hoffmann, in Beonn^s * Thierreich,' the latest writer on Chelonia, leaves the whole 
question open, but adds that he found, like CuviER, Stannitjs, Owen, Mayer, and 
Latastb, that the canals of Emys, Testudo, Chelys, Chelodina, terminate blindly, and 
open neither into the cloaca nor through the glans penis. 

My own investigations show the following results:— In a large male Testudo 
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mim^ophyea (one of the Elephantine Tortoises) each canal was continued as a round 
tube inside and along the walls of the groove of the penis and ended blindly in its 
glane ; when injected, or blown up from the peritoneal end, they admitted easily my 
fifth finger. branches or openings towards the outside, through the penis, did 

not exist, nor was it possible to force any fluid or air into the corpora cavernosa, 
although the specimen vras fi:esb. This agrees with FsiTsas’s account of a male 
Testvdo dephmtopus, and with Mater’s males of Testvdo gmm and of Chelmie 
midaa. 

In a lange and likewise fresh female Chalys the canals extended along and 

in the ventral doacal wall to open near the glans of the very rudimentary clitoris ; 
they admitted a crow’s quill throughout their length. The preparation is now in the 
Cambridge Museum. 

A specimen of Testvdo gram (Cambridge collection) likevtise shows a bristle 

passed through the canal In the males I found the abdominal opening very narrow, 
whilst the n«.Tia.lH in the penis are wide and terminate blindly in the glans. This 
agrees with Matbb’s male specimens, and with LATASTifB male Testudo nernorcdis, 
who, however, came to the conclusion that the canals never opened externally. 
Begaiding the females, my observations completely agree with Anderson's experi- 
ments made on females of Trionyx, Chitra, Batagur, Emys. 

To sum up, the peritoneal canals in female Chelonians open into the vestibulum 
doacee on or near the liase of the ditoris. In the males they extend, without having 
communication with the cavities of the corpora cavernosa, and vrithout ramifications, 
through the penis, and dther terminate blindly in the glans {Testudo dephoriitopus, 
T. mxffTGphyes, T. gram, T. nernorcdis, Chelone niidas), or they open into the cloaca 
through a small orifice “ dtuated at the base of the glans and dose to the inside of 
the genito-urinal groove.” Anderson (Geosmyda, Emys, Trionyx).* 

Probably all the Chdjonia poss^ed open peritoneal canals. Oonsideiring the small 
raze and the position of the ditoris, it is not astonishing that the canals remain more 
superficial and retain their openings, whilst they are oompletdy surrounded by the 
much larger Tnalft organ, and that their terminal orifices sometimes become dosed. 

It is, we trust, not too hasty a generalisation to say now that the canals are dosed 
in the males of the exdusivdy terrestrial and marine species (Ohersidse and 
Oheloniidffi), but that they are open in all females and in the amphibiotlc and fresh- 
water Ohdonians. 

The function of these canals has always been a puzde. That they have a function 
is more than probabla I observed in a female Chelys a condition similar to that 
mentioned by Anderson in other species : The peritoneal canals have their inner 
walls more or less coloured near their distal ends with fine dark lines of the same 

* Eonvunr says ilia;b aooordiiig to AxDSBflOir the canals open ontwardly also in the male of Testvdo 
-which of oonne -wonH he a lather senons exception to the other Testadines, hut Akdsbbox 
navw mentions » male 2hife(2c. 
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pigment as that of the clitoris itself, thus indicating the continuity of the living 
membrane with tiiat of the external surface. The canal was also partially filled near 
its end with a grumous substance, but quite different from the coagulated blood that 
filled the corpus cavemosum.” 

DuM&Rn, and BrenoiT suggested that the animals pumped water through these 
fia.nfl.lH into the abdominal cavity, to counteract the eftects of too much evaporation 
during the hot season. To this view Anubeson assents. But this hypothesis must 
fall, first, because in the very species, which possibly might need such an arrangement, 
viz., the Laud Tortoises, the male canals are closed ; and. secondly, because tlie often 
extremely narrow and fi’equently papillary external orifice suggests that nothing can 
pass inwards, whilst the reverse is practicable. Moreover, to receive swamp water 
into the abdominal cavity would imply the greatest danger. 

Gbobtroy St. TTtt.atre and Maetin gave a better explanation, viz., that any fluid, 
which somehow or other might collect inside the peritoneal cavity, could be drained 
off, and that consequently Tortoises could not suffer from dropsy unless the canals 
were obliterated, but this suggestion was marred by the addition that ‘‘ le liquids, 
probablement s^reux, que transmettent ces canaux, doit 6ti’e port^ en grande partie 
dflT>a les corps cavemeux, d’oh il semble qu’il puisse i-efluer dans les veines.” To this 
mistake they were necessarily led, because they thought there existed communication 
of the canals with the cavities of the corpora cavernosa. 

Maybe found, I tbinV, the right solution for those males in which the canals are 
dosed at their extremities ; the serous fluid can be pressed into the penial canals and 
thus assist erection. In Tortoises there is often a considerable quantity of serous fluid 
in the peritoneal cavity. I Kctraoted from a perfectly healthy male Testudo gj'(PCft, 
immediately after death, 10 cubic cm. of a fluid, which analysis showed to be serous, 
whilst perhaps the same amount of fluid remained in the animal. 20 cubic cm. is 
certainly a great quantity for an a nim al not larger than the common Land Tortoise. 
However, when the canals are open, like in the female, theii* function must, like in the 
Crocodiles, be a different one. In this case they can only seive as a sort of safety 
outlet for the fluid when the abdomen is overfilled with eggs, or if, for some unknown 
reason, too much of this precious fluid has been accumulated ; the latter alternative 
applies to the male, unless we allow for the persistence of the canals by inheritance 
from the other sex. This suggestion, although made with great reluctance, is hitherto, 
nevertheless, the only one that can stand anatomical and physiolo^cal reasoning. 

If we homologise the peritoneal canals with the abdominal pores of Fishes, they were 
first used as outlets for the sexual products, i.e., they were in the service of the 
generative system. In the same service, although modified, they are in certain male 
Tortoises. In the other cases they possibly drain the body cavity, and would then, if 
they really are remnants of segmental tubes, have returned to their most primitive 

function. 

The Chelonian doacal arrangement, as described on p. 21, occurs again, with slight 
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modifications towds a higher type, in the Monotreimta {cf. fig. 27). The differences 
lie chiefly in the relative size of the chambers UD and PD, and in the cncumstance 
that the penis is lodged in a special pouch, which communicates with the rest of the 
vestibulum through a narrow opening dose to the ventral brim of the anus. We can 
derive the wall PP, which separates the penis pouch firom the rest of the whole vesti- 
bulum or proctodseum, from the ventral half of the fold F of the Sauropida ; the only 
difference is that this fold, which in Crocodiles, Birds {cf. figs. 14, 15, and 10), and 
Chelonians, gradually passes over into the loose coating of the penis, and thiM forms 
the beginning of a preputial sheath, has in the Monotremata be^me considerably 
elongated in a longitudinal instead of a transverse direction. This I have tried to 
explain diagrammatically by figs. 17 to 30. Such a reduplication of the loose penial 
coating would almost completdy separate the copulatory organ firom the urodmum, 
and, in fact, these folds leave in the Monotremata a small opening near the root of the 
penis groove for the reception of the sperma from the sinus urogenitalis, but not for 
the urine and for the eggs. The walls of the urodaeum, into which the itrogeni-^ 
sinus opens, are very thin, and the muscular, chiefly longitudinal, coating is likewise 
weak, with the exception of the voluntary striped muscle on its ventral aspect 
(fig, 28). This chamber UD, the urodaeum, receives in the middle of its ventral wall 
the urine and the eggs, but not the sperma. Towards the vestibulum PD it is closed 
by a circular constriction and partly developed fold F, and the terminus of the rectum 
is marked by a strong circular muscle, which forms a powerful innermost sphincter rc. 
Whilst in F^hid-nn. the rectum shows a large dilatation above the fold ro, and forms 
there a true rectal chamber or coprodreum for the retention of the faeces, the latter 
in Omithorhynchus probably mix with the urine in the chamber UD, which in this 
genus is very capacious in opposition to the only slightly dilated rectum. 

Bbidgb’s remark that the existence of a complete partition between the rectum 
aTtd the uribco-genital opening is a chamcteristic point of all Mammalia, including those 
which possess a doaca, is not correct, because the urino-genital sinus and the rectum 
are separated firom each other just as much or as little in the Monotremata as in the 
fihftloTiia.. Not much progress towards a higher type show the Ma/rsujpialia (fig. 28), 
and even some Bodents, Insectivores, and Lemurs. The chamber UD becomes con- 
riderably shortened, and at the same time the walls in the comer between the rectum 
and the sinus urogenitalis, represented in the Tortoise by the fold p, fig. 25, transform 
themselves into a growth, whidi, progressing more and more towards the anus, results 
in the almost complete division of the former cloaca into a dorsal or faecal and into a 
ventral or exdusively urogenital chamber. The beginning of a perinreum is conse- 
q^uently derived firom the fold p, i,e., a fold inwards, above, or headwards firom the 
(gening of the urogenital sinus, and is not to be confounded with the partition PF of the 
Monotremata in fig. 27 ; although, of course, we have to bear in mind that the fold p 
in the Tortoises, as shown in fig. 11 at p\ goes over into the lateral loose coating of 
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the peiUB) which, moreover, as indicated in fig. 10, is continuous with the ventrilateral 
wall of the proctodseum. The preputial room of the Marsupials is therefore, strictly 
speaking, not completely homologous with the similar room of the Monotremes. 
Vulva and penis of the Marsupials, aud of the Placentalia mentioned above, are still 
surrounded by the same external fold of skin and by the same sphincter of the anus. 
The shallow vestibulum is the last remnant of a cloaca. 

In most PlaaeiJiaUa the cloaca is abolished by the development of a true peiinseum 
which reaches the outer surface and secures a complete separation of the anal and 
iiiino-genital openings. The vestibulum is broken up ; its dorsal portion forms the 
anus, whilst its ventral half, owing to the dose approach of the urino-genital sinus 
to the surface, becomes the shallow “ vestibulum ” xn the female, and in the male it is 
partly recognisable as the preputial room. The labia minora with the frenidum 
ditoridis are a remnant and modification of the sauropidan fold F. Lastly, in the 
females of these Placentalia, in which, like in Myogale, Talpa, Galeopithecus, and 
certain Lemurs, the clitoris is perforated by the urethra, the sinus urino-genilalis 
itself is divided into a dorsal or genital and a ventral or m’ethral half, both openings, 
however, retaining their intravestibulur position. 

A summary of the anatomical and physiological dififerences presented by the cloacal 
region of the various Amniota is given in the following table : — 

Usually the doaca is defined as a chamber at the terminal portion of the rectum, 
into which open the rectum, the ureters, and the genital tubes. 

•RAT.ii .nTTn. remarks that “ in all Vertebrata the doacal section of the alimentary 
tract, which receives the urino-genital ducts, is placed in communication with the 
exterior by of an epiblastic invagination constituting the proctodaum (vesti- 

bulum doacse, s. annl chamber). The oiiginal bormdary between the epiblast of 'the 
proctodmum and the hypoblast of the primitive cloaca becomes obliterated after the 
two have become placed in free communication. The hypoblastic section of the doaca 
of birds, which receives the openings of the m-lno-genital ducts (our chamber U.D.), 
is permanently marked ofif by a fold from the epiblastic section or true proctodseum, 
with which the bursa Fabricii communicates.” This fold is the one described in this 
essay as F. It occurs with modifications in all Sauropida, and even in the Mammalia. 
The fold ro separates the primitive doaca from the rectum. Considering, first, that 
in the Crocodxlia the genital tubes open deddedly into the prootodseal portion; 
secondly, the configuration of the Chelonian doaca ; thudly, the occasional use as 
urinary receptade of the bursa Fabridi; lastly, the condition prevailmg in the 
Monotremes, we have to conclude that the vestibulum forms part of the cloaca. 

The whole cloaca consequently consists of three successive chambers, which may be 
distinguished as follows : — 
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L ProctodcBum {P.B.), epiblastic = Vestibulum cloacae, anal clxamber, chambre 

copulatrice, bourse du prepuce, boui’se de 
copulation, vestibule gdnito-exor^mentitiel. 

Witb its derivatives : 1. Buraa Fabricii. 

2. VaiiouH hedonic glands. 

8. The copulatoiy organ or organs, the at 
least partly epiblastic nature of which is 
indicated by the frequently developed 
homy armature of the glans. 

II. Urodanim* (TJ.D.), hypoblastic = Primitive cloaca, middle or urino-genital 

chamber, vessie urinaire, canal ur6tro- 
sexuel. 

With its derivatives ; 1. Urinary bladder, ventral. 

2. Oloocal s. anal sacs of Tortoises, doiml. 

III. C'qprod<Bttm*(O.D.), hypoblastic = Rectal or innermost cloacal chamber, poche 

vestibulaire du rectum, vestibule rectal. 

Tlie UrodsBum is the oldest portion of the whole cloaca, then loUows the Procto- 
dseum, and lastly the OopTOdseum has secondarily assumed cloacal iunotions. 


* I propose to desigmte tike typical tirino-gemtal aad the foacal ohambera the XTrodiisnm and Copro- 
dsBfnm in aooordaaoe vith Professor E. Bat Lauxsbtib’s tesmB Stomodaenim and ProotodsBum j of. ‘ Quart. 
Jonm. IfHor. SoL,’ April, 1876. 
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IV. On the presence of MuELLEJEtiAN Ducts in the Males and of Wou’FIAN Ditc^s in 
the Females of young Crocodilia. (Fi^. 6 and 7.) 

Eathkb, in his ‘ Unterauchungen liber die Entmokelung und den Kdrperbau der 
Krokodile,’ p. 191, said that he was unable, from the embryo of Alligator svlerops, to 
ascertain if the canal running along the Wolepfan body was a Mubllbbian duct or 
not. He was doubtful about the sex of his embryo. 

In a rnnifl Specimen of Alligator niississipiensis, of a total length of 25 centims., I 
found that the can^, which crosses the vas deferens ventrally and runs along the 
latei-al side of the testis, was slightly rounded off at its upper end and seemed to be 
stiU open, although no bristle could be made to pass through it. This whole 
Mtjbllbbian duet was considerably raised above the level of the Wolffian body and 
duct, and was attached all along its length to a very thin and pigmentless peritoneal 

fold. 

In flTinfhpr TTiftlft specimen, of a total length of 33 centims., only the smallest trace 
of a remnant of the Mubfxkbian duct could be made out on the upper and lower 
ends, whilst the middle portion had already become obliterated. This remnant of the 
duct was no longer prominent, but was imbedded in the same peritoneal fold as the 
vas deferena 

Female Alligator, total length 29 centims.— The ovary was still quite smooth on its 
surface ; along its lateral edge ran, closely imbedded in it, a light-coloured string, 
which could be distinctly followed between the ureter and the oviduct into the doacal 
wall. Its upper or cephalic end projected a little, beyond the antenor end of the 
parovarium, and "was attached to a peritoneal fold like in the males. This is 
undoubtedly the remnant of the Wolffian duct. Laterally from the latter, fastened 
(m to a loose peritoneal fold, "ran the oviduct and opened into the cloaca a little 
ventrally from the Wolffian duct. 

In the Ckelonia the permstence of these ducts has been described and figured by 
Van Wuhb. Fig. 10 ^ows the remnant of the Mtjbllbbian ducts in a full-grown 
TmnlA spedmen of Testudo groeca. In the adult male Satteria no trace could be found. 

Oeneral Oomhmons. 

Tbfl want of an intromittent oopulatoiy organ is in the various Vertebrata met in 
very cdfiEerent waya The fundamental difference between the Selachian pterygopodia 
and any other type of copulatory organs is plainly indicated by the nerve supply, and 
wherever in the Amniota skeletal muscles enter into the service of copulation they 
have become as shown above {<f, pp 10-14), secondarily attached to the true penes long 
after the latter had been developed from the walls of the alimentary canal 
The first indication of an intromittent oigan in the Amj^dbia, according to 
WiBDHBaggai, is a amah unpaired papilla on the dorsal wall of the anal or vestibular 



COP0LATORT ORGAIS’S OP THE AMNIOTA. 


31 


portion of the cloaca. It is found in TJrodela only, e.g. in Scdamaudrina pei‘spiciUf/fa 
and in Triton platgcephalns. In the latter it consists of an erectile cone, ■which 
WiBDEBSHBEM Considers as derired from the caudal portion of the cloacal lips, lliis 
dorsal unpaired, median, still very rudimentary organ, is a type restricted to Amphibia. 

Another tvpe of lo'w standing is met with in the Gymnophiona and to a less pro- 
nounced degree in Hatteria, The immissio seminis is secured by the finger-of-a-glove- 
like eversion of the cloacal walls, chiefly of those of the proctodceum. This type is 
best developed in the Gymnophiona. In them a great portion of the cloaca can 
through its strong muscular coating be converted into a tube projecting several centi- 
metres, and is then used as an intromittent organ. A bifurcated UL retractor, which 
arises from the abdominal walls, is attached to the recessus of the middle portion of 
the cloaca. In the female the cloaca is short and cannot be protruded Webdees- 
•mRTM-j ‘ Anatomie der Gymnophionen,’ figs. 88 and 89, Taf. ix.). 

From this stage, which probably represents that of the Proreptilia and of the tnie 
HeptUes before ■their separation into Crocodilia and Chelonia and into Sauiia and 
Ophidia had taken place, we can, I think, derive the types of the other Amniota. 

The definition that the copulatory organs of the Lizards and Snakes are connected 
with the posterior or dorsal, but those of the other Amniota ■with the anterior or 
ventral wall of the cloaca, seems to have led to the misconception that no homology 
can be traced between these two types of penes. 

To clear this q^ues'tion up, I draw attention to the following considerations : 

1. In Hatteria and in the Gymnophiona, as explained above, the inner ■walls of the 
cloaca form by protrusion and evagination a temporary intromittent organ. 

2. In the embryos of Lizards the anus is still round, and not a transveioe slH. On 
each side, the lateral inner walls of the proctodmum are, together with part of the 
uro-anal fold F, raised up into prominent cones, which afterwards are invaginated and 
■withdrawn into the post-anal region of the tail by the action of specialised muscles. 
In connexion with this the anal opening assumes its typical transverse shape. 

In the Snakes, which are the most specialised branch of the Saurian stock, the 
original position of the penes is coenogenetically obscured, although stiU traceable. ^ 

8. The oi'iginal duplicity of the “ unpaired ”* cop'ulatoiy organ of the other Amniota 
is still indicated by the nerve supply, the vascular supply, by the corpora cavernosa 
s. crura penis, by the double penis and clitoris of certain Marsupials, like Didelphys, 
and by the fact that in the Chelonia the peritoneal canals are continued far into the 
lateral portions of the penis. 

4. The completely divided nght and left penes of the Lizards and Snakes are 
supplied by the same nerves as are the copulatory organs in all the other Sauropida. 

These circumstances, considering also the modifications of the cloaca as described in 
this paper, seem to me to permit the following condufflons : — 

That in all Amniota the intromittent organs, no matter if double or single, are 
derived ftom the walla of the outermost cloacal chamber, in connexion with the 
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separating uro-proctodseal fold F. The epiblastic origin of the procfcodsenm explains 
the £L'e(][uent presence on the copulatory organs of epiblastio products, like homy 
spines, scales, sebaceous glands, and its highly sensitive nature. 

That tbei'e existed a stage of phylogenetic development, during which the lateral 
portions of the protrusible tube became stronger, and that they specialised themselves 
into a right and into a left imperfect intromittent organ, the walls of which then 
being stowed away in recessus of the proctodseum — escaped being used also as the 
walls of the efferent fsecal chamber. 

That subsequently in one group, viz., in Snakes and Inzards, these penes were 
shifted hack towards the tail and were developed into separate organs. After this 
had taken place they could not well meet and fuse with each other in the posterior 
dorsal corner of the anus, since then their bases would be too far removed from the 
openings of the vasa deferentia, with which they are now still connected by longi- 
tudinal folds forming the continuation of their semi-canala 

That in the other groups of Amdiota the two primitive lateral erectile flaps 
approached each other towards the ventral side, and thus arrived at the anterior or 
ventral side of the cloaca. Their ftisioh, beginning probably at the basal part, which 
at the same timfl was further withdrawn from the surface, secured the reception of 
the sperma from both vasa deferentia into one canal 

That this ventral copulatory organ, now in the Heptilia restricted to the Crocodilia 
and Chelonia, has been inherited by the Avian stock, and has been specialised in 
the various ways fully and correctly described by Joh. Mueller. The struthious 
form comes nearest to that of the monimostylic Reptiles, whilst that of the other 
Raiitee and of the Lamellirostres shows great specialisation in being evertihle. The 
comparison of the organ, as it is found in various other Carinatse, e.p., in the 
Tinamoos, the Craddse, in Phoenicoptems, Platalea, Oiconia, shows a gradual diminu- 
tion in rize and a simpler stractuie, with all the appearance of a degraded organ. 
Lastly, in the migoiity of Birds, especially in the highest, it has disappeared, and the 
primitive way of everting the cloaca is again resorted to. The degeneration and final 
loss of such an organ, the development of which must have been caused and favoured 
equally by natural and by sexual sdection, is a feet which we would not have arrived 
at by d jpriori considerations. 

That the presence of a ditoris is not due to an ori^nally hermaphroditic condition, 
but to dhect paternal inheritance, and that it is preserved because of its hedonic 
nature. 

That the extraordinary resemblance of the copulatory organs and the various 
doacal chambers of the Monotremata to those of the Chelonia and young Crocodilia 
can hardly he 6:!^lain6d by homoplastic coincidence, hut that it strongly urges the 
phylogenetic rdationship of the Mammals with the Reptiles. This, however, is only 
one more link in the long chain which, being anchored in the triassic Theriomorph*^ 
In spite of Mono- and Amphicondylismi, makes the Amniota more akin to each other 
than to the Amphibia. 
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Explanation op Platesj. 

PLATES 2-5. 

Fig. 1. Crocodilvs vidgcLris (nat. size). — ^Yentrilateral view of the penis ; the greater 
portion of the outermost cloacal chamber has been cut away, 

Gl. = left musk gland. 

Fib. = fibrous band connecting the penis -nith tlie svmphvsis ischium. 
Per. = continuation of the body cavity as peritoneal canal ; a probe 
has been passed through the left canaL 
This specimen is in the Boyal College of Surgeons, London. 

Fig. 2. Crocodilus sp. ? (nat. size). — Ventral view of the cloaca and of the female 
genital organs ; the cloacal ventral wall has been partly cut away and the 
anus has been opened out, the clitoris now lying on one side. The peri- 
toneal folds and the right oviduct are removed. 

This specimen is in the Museum of Comparative Anatomy, Cambridge 
(No, 1377a). 

Fig. 3. Alligator mississipiensis, S (nat. size). — ^Lefb lateral view of the rectum, the 
cloacal muscles, and of the plexus pudendus. 

*' B. P. = bulbus penis. 

Sph. = m. sphincter. 

trans. m. = m. transversus medianus. 

tr. per. = m. transveiaus superficialis s. m. perinei. 

pr. cl. = the unstriped muscle, described on p. 14. 

V. 0 . = vena caudalis. 
a. c. = artena caudalis. 

Sy. lat. = chain of the N. sympathicus lateralis. 

S = N. sacralis = N. spinalis xxvi. 

a = first presacral nerve. 

a — first postsacral neire. 

cd. fin,=5= nerves to the m. caudi-femoralis. 

V. d. = vas deferens. 

« = ureter. 

Fig. 4. Alligator mwstssipiVnsts.— The nerve branches sent from stems « and ^ to the 
penis, the anal chamber, to the lateral (E. L) and to the dorsal wall (B. d.) 
of the rectum ; slightly enlarged. 

MDCCCTiXSXvn. — B. 
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Fig. 5. AlUgaior mississipieiisis, ^ The doaoal muscles seen from the right ventral 
after removal of the m. rectus lateralis. 

Sy. isoh. = symphysis ischium, 
transv. sup. = m. transversus superficialis. 
transv. med. =m. transversus medianus. 

Bph. = m. sphincter ani. 

a = the nerve branch from stem a which supplies the m. rectus 
lateralis, the mm. transversi, and the m, sphincter, 
pr. d. = the unstriped protractor musde. 
od. isch. = m. caudi-ischiadicus. 

Fig. 6. Alligcstor missmipiemia, young <?. — ^Ventral view, left side, twice nat. size, 
showing the left ureter, vas deferens, and the Muellerian duct. 

Fig. 7. Alligator mississipiensis, yomig S , slightly over nat. size, showing the oviduct 
and the remnant of the Wolffian duct. 

Fig. 8. Ch'ocodilus hiporcatua (nat. size). — ^The left half of the pelvis, together with 
the limb and the left half of the tail, ai“e removed. 

r=s position of the fold r, forming the inner margin of the coprodaeum. 
Fig. 9. CrocodUua acutus (nat. size). — Y entral view after removal of the skin. 

Kg. 10. Testudo grmca, <? (nat. size). — ^The penis is stretched out, and, after removal 
of the pelvis, although still adhering to the doacal walls, has been pushed 
over to the left side. 

pb. = symphysis pubis. 

pc. = visceral opening of the peritoneal canal, the course of which in 

the penis is dotted in. 

B= rectum. 

BL the cutoff walls of the neck of the urinary bladder, to show its 
communication with the doaca and with the longitudinal furrow 
of ihe penis. On the pigmented epididymis is seen the remnant 
of the Muellerian duct, 
retr. p. = m. retractor penis, 
pb. cd.=:m. pubi-caudalis. 

Fig. 11. Testudo grmca. — ^Penis stretched out and laid on to the plastron to show the 
groove, the orifice of the uro-genital sinus, and the opening of the rectum, 
which is surrounded by the fold I'C. 

Kg. 12, Hatteria pimotata, $ (nat. size). — The doaca has been opened slightly to the 
left from the medio-dorsal line, and its walls are laid asunder. The left 
kidney and genital apparatus only are figured. 

BL = urinary bladder, which was still connected with the end of the 
left lobe of the liver by a ligamentous stalk, the obliterated 
allantdo vein. 



OOPULATORT OBGANS OP THE AMNIOTA, 


35 


VO = fold sepSiratiiig the coprodreum flxsiQ the urodspum ; the hole in 
the middle is the opening of the bladder. 

F= fold separating the urodaemn from the proctodseum ; on this fold 
are seen the t-wo papillary flaps, into Trhich are projecting the 
remnants of the peritoneal canals. 

This preparation is in the Cambridge Museum, 

Fig. 13. Hatteria punctata ? (nat. size).— Younger specunen ; ventral view, bladder 
and neck of bladder cut off. 

F = the fold between urodseum and coprodseum, with the median 
dorsal flap, which fits into the (gening of the bladder, 
u. g. = the united left openings of the ureter and oviduct below the 
base of a papilla. 

Gl. = the left anal gland 

This preparation is in the Cambridge Museum. 

Fig. 14. RheaDarwini, d (reduced size). — ^Ventral view into the m'odseiun ; a window 
has been cut into the ventral u'all of the rectum. 

VC = fold shutting off the rectum from the urodmum ; in the latter 
are seen the papilhe with the uretral openings ; the walls of this 
chamber are continued into the crura penis. 

B. F. = bursa Fabricii. 

This preparation is in the Cambridge Museum. 

Fig. 15. Rhea Darwini, d (the same specimen as Fig. 14, right side-view).— The right 
half of the rectal waU, of the urodseum, and of tdie proctodseum has been 
cut away to show the relation of the various chambers to each other and 
to the half-protruded penis. 
spL = m. sphincter ani 
lev. an. = m., levator ani. 

11= ventral wall of rectum. 

V = ventral comer of anus. 

B. F. = bursa Fabricii 

Fig. 16. Leptoptihts argala, d (nat. size, ventral view). — ^The greater part of the ventiel 
wbIIb of the cloaca has been out away. For this drawing I am obliged to 
W. F. R. WBLDOif, MA. 

Figs. 17-29. Diagrammatic representation of the chief modifications of the doaca, seen 
from the right side. — ^The dorso-median line looks towards the left, the 
ventral median hue to the right side in the drawings. 

CD = coprodffium = ^oclxe veatihulcdre du rectum or ressie urinaii'c 
(Struthio), Gboetroy St. TTtlaibb ; = vestibule rectal, 

CD' = additional rectal fecal chamber = vestibule rectal of Geoeysot 
in Stmthio. 

UD = urodseum, coloiued light-blue throughout the series =rcsrie 

p 2 
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w'imire, Gbobtroy ; or, oaml ur&,ro-sexuel in Struthio ; eigent- 
licJie Kloahe, Budge ; hge uro-g6nitdl, Rettebee. 

PD = proctodfloum = bourse de copuiation or bourse du pr^uce, 
Gboepbot; Voi'hof der Kloake, Budge; vestibule gSnito-excre- 
mentitidy Duveknot ; poche postaAial-\- passage anal, RBTXEBEa. 
F= tih.6 fold between the urodseum and the proctodseum, shaded 
grey=s le veritable col de la vessie, Gbofeeot ; ■s^repli uro^a/nal, 
Rbtteber. 

rc = the fold between the nrodsemn and the coprodjeutn, coloured 
flarTf .bine = premier hourrelet ou le vSrUahle anus, Geoepboy; = 
repU uro^'ectal, Ebttebeb ; sphincter rectal, MAETm-ST.-ANGB. 
roi =th6 fold which shuts the inner end of the coprodaum, shaded 
with vertical lines. 

sph. = m. sphincter ani, shaded with crossed lines. 
p = the copulatoiy organ, shaded grey. 

Ur. = ureter. 

Gen. or v. d. = genital duct. 

B. F. = bursa Fabricii=&o«rse de Fabrioe or bourse aocessoire, 

Gboeeroy. 

AS = ftTinl pouch or anal sac. 

Fig. 17. Lacerta oceUata, 3 . — ^Type A, with aminary bladder. In figs. 17-19 one of 
the paired copulatojy organs only is shown. 

F^. 18. Monitor, 3. — Type B, without a urinary bladder. 

Fig. 19. Typical snake, ? , — Tropidonotus. 

Kg. 20. T^ical bird. 

Fig. 21. ^ruihio. 

Fig. 22. Crocodile, adult. — Anal glands not figured. 

Fig. 28. Crocodile, very young, or embryonic. 

F^. 24. jSmys. — ^Penis stretched out. 

Fig. 25. Testudo, — ^Penis withdrawn. 

Fig. 26. OmilJiorhgnchus, 3, adult. 

Kg. 27. Omithorhynokus, 3. — ^Transverse section through the middle of the urodseum. 
Fig. 28. Macropus giganteus, 3, adult. — Betr. = m. retractor penis. 

Fig. 29. An^ropoids, ? . 

Fig. 80. a-f. — ^Diagrammatic representation of six stages of the phylogenetic 
development of the sinus uro-genitalis, and the gradual formation of a 
ventral chamber or uro-gonodseum. 

The black line indicates the course of the sperma. 

The blue line indicates the eouree of the urine, 

0 . Crocodilian stage. 
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h. Hypothetical stage, intermediate between Crocodiles and Tortoises. An 
analogous, but dorsal, recessus uro-genitalis is developed in Lizards 
and Snakes. 

c. Chelonian stage. 

d. Hypothetical stage, intermediate between c and e. 

e. Monotreme stage. 

f. Marsupial stage. 
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in. On the Changes iu the Proteids in the Seed which accompany Germination. 
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A otTBioiTS and chajacteiistic feature of the life-hiatory of the higher forms of plants 
is the long resting period which takes place in the seed, following the reproductive 
act, after a certain amount of development. Fertilisation of the female element is 
succeeded by a period of activity, during which great changes in the oosphere take 
place, many new cells are formed, and the new individual becomes recognisable. But 
then comes a remarkable alteration ; the development for a time is arrested, no new cells 
are produced, but those already formed, which constitute chiefly the first leaves or coty- 
ledons of the new plant, become filled with nutrient materials, forming reserves upon 
which, after the resting period, the young plant will subsist, and which will enable it 
to resume its growth. Or it may be that the nutrient material may be accumulated 
in cells immediately surrounding the young embryo, cells which form the so-called 
endosperm and which are not actually part of it. A curious feature this, not repre- 
sented exactly by anything in the cycle of animal life, though perhaps the condition 
of the egg which is deposited by the parent and quickened later into active life 
approaches somewhat to it. This differs greatly, however, in the length of the quies- 
cent period, which in the seed may be almost indetmitely prolonged. What changes, 
if any, take place in the cells during this period is not known and cannot well be 
ascertained. At the end of this time change do take place, and the arrested develop- 
ment is resumed. That the condition of things inside the seed is not exactly 
alike always, seems pointed to by the fact that seeds of the same plant do not 
germinate at all times with equal readiness, though exposed to the same favouraWe 
conditions. During this period, long or short as it may he, and its length varies 
extremely, the different bodies occupying the interior of the cells of the cotyledons or 
the endosperm Tnaintain their character apparently unchanged, or, if changed at all, 
the nature of the change is such as not to he recognisable by microscopic examinatiofn 
or by chemical analysis, only being marked by greater or less resistance to the setting 
up of the manifest changes which are known as the process of germination. 

The process of deposition of the several reserve products in the cells of the seed, has 
been watched by many observers, and the detaols of the storage have been e xam i n ed 
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and traced out step by step. Tke resumption of the arrested development, under the 
conditions of moisture and of temperature which we call favourable to germination, 
involves intricate metaboHo processes in which the different materials that have been 
stored axe all separately concerned, each group of bodies being transformed into nearly 
related ones which are adapted for the new conditions of life. Instead of the restmg 
forms of proteids, carbohydrates, &c., which are not diffusible and hence cannot pMS 
from cell to cell and so traverse the plant, we have new forms which can readily 
travel to those points where growth is proceeding and new cells are b^g formed, and 
hence plastic material is required. The details of these transformations are in many 
cases still obscure, though some facts have been ascertained which throw light upon 
the nature of some of the chemical processes. In the case of the starch, which is so 
constant a constituent in seeds, it has been proved that the formation of sug^ takes 
place from it by the agency of a ferment, exactly as it does in the corresponding pro- 
cess in the animal economy. TVom ahuMt any seed a so-called diastatic ferment can 
be obtained, and so constant is the occurrence of the latter body in vegetable organisms 
that it can be prepared from almost any part of plants. From analogy it woiild seem 
probable that the proteolytic changes noticeable would have a similar cause, and that 
from seeds in which large quantities of reserve proteids axe stored evidence of such a 
body could be obtained. 

Other seeds are noticeable in connection with the large store of cellulose which they 
contain in their endosperm cell-walls, a store which disappears as the process of 
germioation proceeds, and which is no doubt made use of for the nourishment of the 
young plant. It seems at least that a si milar ferment action may be the 

cause of the transformation here, particularly when it is remembered that in the intes- 
tines of many animals, notably in the herbivora, a digestion of cellulose somewhere 
takes place, and that probably under the influence and by the activity of bacteria, 
which are themselves vegetable organisms, although in their case it is hardly likely 
tiiat an isolcAle fermmit is prepared by them for the work. The proved existence, 
therefore, of diastatic ferments almost universally in plants, and the probability of 
existence of the others alluded to, besides the discovery of other ferments in the 
vegetable kingdom, not immediately connected with the process of germination, have 
directed investigation into the metabolio changes in the seed with the view of dis- 
covering such ferments there. In 1874 some observations were published by v. Gobtip- 
Besanez, which indicated the existence of a peptone-forming ferment in the seeds of 
the Yetob, being there in company with another which had amylolytic or diastatio 
properties. Y. GoBUP-BiSAiOiZ ^eaks of this body* as having power to convert fibrin 
into peptone, but he did not apparently trace its normal action in germination, as he 
does not indicate what changes it causes in the proteids stored in the seed. In 1875 
he snpplenoented his observations on the Yetch in another paper, t in which he states 

• < Eenfauh. Chem. GeedL Bee.,* 1874 F> 1478. 

t IW4, 18?». 



IN THE SEED WHICH ACCOMPANY GERMINATION. 


41 


lie liflfl discovered a similnr body in. the seeds of Hemp, Flax, and Barley. V. Gonup- 
Besanbz was followed in 1878 by Khauch,^ nho says that he fails to continn his 
results. In a later paper by the latter miter, t he severely criticises v. Gokup's 
method of working, and states that the results he obtained were due to imperfect 
experiments. While v. Gorttp-Besanez says that fibrin acted on by the body he 
prepared from the vetch seed was dissolved, and that then the solution when filtered 
gave a good biuret reaction, Krauoh insists that the biuret reaction was due to some- 
thing present in the ferment solution and was readily yielded by the latter alone. He 
says, further, that the fibrin in his own experiments appeared to get less, but that this 
was due to shrinkage of the frocks of it, and not to solution. Kratch’s work, how- 
ever, appears untrustworthy, for he does not explain the disappearance of the fibrin 
which v. Gobxjp alleges, nor does he show that there was no fonnation of peptone in 
the process, although the ferment solution itself might have given a biuret reaction. 
With such a ferment solution to begin with, other means were necessary to detect the 
peptone if any were formed. Krattoh’s own control experiments were somewhat scanty. 

Peotbolttic Fekmbkts. 

The nature of the ferment discovered by T. Gorttp-Besanez was not satisfactorily 
established in his investigations. He calls attention himself to the fact that in the 
young shoots of newly-germinated plants of Wcia, under certain conditions, large 
quantities of leucin and asparagin might be shown to exist. The ease with which 
crystalline bofiies of that nature would be able to pass thmugh such stmotures as cell 
walls points to the probability of this rather than peptone being the form in which 
nitrogenous matter would pass to the gi*owing points finm the reseivoirs in which it 
had been stored. Moreovei*. the fact that peptone cannot be discovered in or neai* the 
growing parts, and the almost complete indiffiisibility of any other form ol pinteid 
matter, lend much support to the view that crystalline products are the ultimate 
expression of germinative metabolism of proteids. On these grounds, therefoi'C, there 
is a great probability that the proteolytic ferment in the seeds will be found to 
resemble the tryptic rather than the peptic ferment of the animal oxganism. 
V. Gortjp-Besaeez w'as not, however, able to convince himself that the ferment in 
the vetch seed carried the changes in the fihtin beyond the stage of peptone. 

Since that time Mahtin| has shown that a tryptic ferment is present in the latex 
of Papaya caiica. 

When V. Gorup-Besanbz was writing, but little had been ascertained as to the 
natur'O of the proteid snbstances stored in seeds. Kitthausex’s work had appar’ently 
shown the existence of bodies differiirg greatly from animal proteids, and forming a 

* ‘ Beitrage znr Xenntioss der tmgeformten Eramente in den Piianzen.’ Btsrlin, 1878. 

t ‘ Landwii*thBoli. Versnclis-Stat.,’ vol. 27, p. 383. 

I ‘ Jonin. of Physiol.,’ vol. 6 (No. 4), ond vol. 6 (No. fil. 

xtDCCCsoxxxvn. — b. « 
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ssriss p A mi liar to vsgstaljls orgfliui&nis. Inasinucli SiS tilidss wcrs not sliown to 
approach the g -nhunl proteids in any particular direction, and on account of the paucity 
of the reactions known to characterise them, nothing was done in the direction of 
ascertaining their fate during germination. 

In 1877* and 1880t WEYn and Zollbb began to place them on the same footing 
as animal pinteids, and to show how they resembled them, establishing the existence 
of globulins in seeds. About the same time a series of elaborate investigations, by 
Vii!fiis,J cleared up many points of difficulty, and gave us for the first time a dear 
conception of the chemical nature of these reserve vegetable proteids which exist in the 
seed in the form of the so-called alemnne grains. According to the latter observer, 
these consist of members of the gi*eat groups of the albumoses and the globulins. 

The nature of the alemone grains, or stores of vegetable proteids, now being, 
at any rate generally, understood, it becomes possible to ascertain sometliing about 
the nitrogenous metabolism of the process of germination as a whole ; to see whether 
it is a process of ferment action, for this I’eally can hardly be considered established, 
though rendered highly probable, by v. Goeup-Bisanbz’b experiments on fibrin, the 
aleurone being gi'eatly different from this form of proteid ; to ascertain whether, if so, 
the action can go as far as the formation of crystalline nitrogenous bodies ; and to 
tiuce the saies of changes in the proteids which take place as the germination 
proceeds. 

During the past year I have endeavoured to deal experimentally with those 
questions, and for the purposes of the investigation have taken the Lupin as, for 
many reasons, the most suitable. The seeds are of lai’ge size, and ^rminate very 
readily; from Yines’b work the appoximate composition of the proteid reserve 
materials is very well known ; and according to v. Gk)atrp-BESAJ!raz, in plants nearly 
related, i.e. the Yetohes, a proteolytic ferment eadsts. In his paper already alluded 
to, the latter writer states that with the Lupin he only obtained a negative 
result ; but, for the msons mentioned, it seemed not impossible that such a ferment 
existed. 

The products of the decomposition of fibrin hy proteolytic ferments being well 
understood and easUy recognisable, my first experiments were directed to the action 
of the extract of the seeds on this body. A considerable quantity, about a quarter of 
a peck, of the seeds of Liipinvs hirsutus were germinated for four days in a gi'een- 
house, and when the radicle had grown to a length of about 2-8 inches they were 
removed, the cotyledons separated from the other parts, and ground in a Tnill. 
Y. Gobdf-Besanbz prepared his extracts by an elaborate process of dehydration by 
alcohol, extracting with glycerine, &c., several times repeated. § This method was 

• f. PhyrtoL Obam.,’ vol. 1, 1877. ‘Deutseli. Ohem. Gesell. Ber.,’ Jaii'g. 13, 1880, p. 367. 

t ‘Deoteoh. Chem. Gesell. Ber.,’ Stiag. 18, 1880, p. 1064. 

t ‘ Joiun. rf PByaol.,* vol. 8 (Na 2). 

I Hie eztiMli so prapaied ’would, yet cootanx a laqjo anxoTui'k of albamoBe 'wbioh. is soluble iit glycerine 
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fuund to auswei* well with Vetch seeds, but did not, foi' some reason, extract anything 
from the Lupin. Instead of following it, I oi Jy made a glycerine extra»t of the ground 
gei’minating seeds, which I used after dialysing for some time. In consequence of 
this mode of extraction it was necessary to modify the ordinaiy method of testing its 
activity. This glycerine extract would not only contain any ferment present, but 
would have taken up such of the proteids of the seed as were soluble in water. 
According to Vines, in the Lupin there occxu’ hemialbumo&e and a form of globulin. 
The latter is soluble only in salt solutions, but the former dissolves in water readily. 
As this hemialbumose also gives the biuret reaction, which is always relied on as the 
characteristic reaction of peptone, it is evident that its presence in the extract con- 
taining the ferment would render it veiy difficult to say that iLe latter formed peptone 
at the expense of the fibrin, unless some method could be devised which should 
separate the albumose from any peptone that might he formed, or a reaction discovered 
which peptone gives and albumose does not. Such a method of aepai-ation, neglected 
apparently by both v. Gorcp-Behanez and by Keauoh, is furnished by dialysis. 
According to Vines, hemialbumose does not dialyse, while peptone does so readily. It 
is evident, therefore, that if a mixture of the two are at any time pi-es.ent in the same 
dialyser the peptone will pass through and be found in the dialysate, while the 
hemialbumose not. Before trusting to this method, I carefully tested this asserted 
indiffiisihility, and found I could confirm Tines completely. After more than a week’s 
exposure of a solution of hemialbumose in a parchment-paper dialysei-, the liquid 
outside failed to give a biuret reaction, while the solution inside did so leadily. 
Instead of using glass vessels, therefore, for my digestive experiments, I carried them 
aU out in well tested dialysing tubes, through the walls of which would pass, as 
formed, the peptones and nitrogenous crystalline bodies, should such be produced, 
while any hemialbumose or globulin present in the extract would be retained iu the 
vessel In all cases careful control experiments were cairied out, all the conditions 
being the some in both sets, except that one set contained the ferment extiact and 
the other did not. The dialysei-s, too, were carefuUy tested as to their intactness at 
frequent intervals. The fiuid outside was made of the same reactiou as that inside. 

The experiments on whidi E base my conclusions were carried out in nearly eveiy 
case with extracts which had themselves been dialysed with care. The reason for this 
was that, as germination had begun in the seeds, it was probable that in the extiacts 
there would be a small amount of leucin or asparagin. The dialysis was continued till 
the dialysate gave no proteid reaction, and on concentration and evaporation on a glass 
slide deposited no crystals. In one or t^wo cases extracts were used without sucli 
dialysis, but when this was the case precautions were taken against error, wMch will 
be detailed in giving the results. 

Li selecting the medium in which to conduct the experiment on fibrin, attention 

and is not coagulated by eipobure to alcohol, remaining under it unchanged for a considerable paiod. 
This gives the biuret reaction, and explains, theiefore. KuirCH i> criticisitt. 

(J ‘i 
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Tras first given to the reaction of the germinating seed. This was found to be faintly 
acid, and consequently a fluid containing free HOI to the amount of -2 per cent, was 
used. Further experiments bearing on this point will be detailed later. It was, 
unfortunately, not possible to reproduce the conditions obtaining m the seed, where 
the proteid matter is in considerable excess and but little fluid is present. 

Some fibrin was taken and boiled for twenty minutes in weak HCl, to destroy any 
possible ferment adherent to it. It became swollen up and of the usual semi-trans- 
parent appearance. A quantity was put into a diaJyser with about 80 c.a of the 
dialysed glycerine extract, which was mixed with an equal bulk of 4 per cent. HCl , 
and the dialyser was immersed in a beaker containing 100 c.c. of *2 per cent. HCl. ^ A 
control was kept by having a precisely si mi lar quantity of the glycerine extract boiled 
before adding the fibrin, and another by putting a similar quantity of fibrin into -2 per 
cent. Hd alone. All were then placed on a water bath at 37-40“ C., and left to 
digest. After a period of time, varying in difierent experiments, but in every case 
very much more prolonged than is necessary with gastric or pancreatic extracts, the 
dialysate from the tube which contained the unboiled extract of the seeds was found 
to contain peptone, as evinced by the pmk colour given on addition to it of excess 
of NaHO and a drop of OuSO^. When this had been well marked for some time, 
the dialysate was boiled. No turbidity resulted, nor did any opalescence or pre- 
cipitate appear on neutralisation. Alcohol gave a precipitate which settled out slowly. 
On concentrating the dialysate, and evaporatmg slowly, crystals were formed which 
were recognisable under the microscope as those of leucin. They were caxefiilly com- 
pared with the myetals of leucin figm’ed by Ftjnke in his ‘ Physiological Atlas,’ and 
corresponded entirely with them.* When the liquid containing these was evaporated 
to dryness with HNOg, and the residue treated with caustic soda, and again 
evaporated, it gave the oily drop said to be dbaracteristic of leucin (Sqhebe&’s test). 

these, others were present in less quantity, which, from their form, appeared 
to he of tyroshu The liquid containing them changed to a pale pmk colour 
when boiled with Mxllou’s reagent. This was confirmatory of the presence of the 
latter body, though it caamot be held to be by itself condusive, as a ti*ace of peptone 
present, if not enough to be precipitated by the Mtllon’s reagent, would give a 
somewhat similar reaction. 

No digestion took place in either of the control tubes. 

The process was continued in this case for six days. In another experiment I 
worked with an extract that had not been dialysed, when I proceeded rather 
differently. In the dialyser I put 30 c.c. of the extract and 30 o.o. of *4 per cent. 
Hd. la the becker in which the dialyser was immersed I put 120 c.c. of *2 per cent. 
HGL Afrer 24 hours I poured away and substituted 120 c.c. of fresh Hd 
*2 per cent. I changed this again after 24 hours more, and again after a further 

* The ndaioBOOpio didaa of Ihase caTsfaOs were fortKer examined for me bj Dr. Sebsidax Lia, wbo 
kindly aBowa me io qnote Iqb opinion that they were tbose of lenoin. 
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24 hours. This treatment removed any crystalline bodies present in the extract 
used, leaving in the final dialysate only such as had been formed in the latter part of 
the digestion. The quantity found in the last 1 20 c.c. was as great as in the former 
experiment. On watching from time to time the pingi’ess of the action, as shown by 
the changes in the fibrin, a correspondence was evident between the behaviour of the 
lupin extract and that of pancreatic juice. True, the reaction of the fluid was 
different, but the fibrin seemed to be eaten away fi.*om the outside just as in 
pancreatic digestion, and not to gradually pass into solution, as it does when acted on 
by pepsin. When the digestion w’as complete the liquid was quite turbid, and 
deposited, on standing, a sediment of fine particles. In the tubes in which the fibrin 
was only treated with Hd it maintained throughout the peculiar, almost translucent, 
appearance characteristic of it almost immediately it is subjected to the acid’s action, 
5>.Tid idle liquid was only slightly opalescent after days of treatment. 

In no case during the e^eriments did bacteiia appear in any of the tubes. 

The course of digestion as estimated by the products formed also closely resembled 
that brought about by trypsin. In the process caused by the latter there are three 
distinctive bodies or groups of bodies foirmed apparently successively. The first of 
these is precipitated on neutralising the digesting mixture, and the precipitate is 
soluble in either weak acids or alkalis. To it has been ^ven the name of parapeptone. 
Very soon after digestion has begun, the so-called peptone is recognisable, and leucin 
and iyrosin, crystalline bodies, appear. Besides these, there are formed, simultaneously 
apparently with the parapeptd^ bodies called albumoses, which possess the peculiar 
properties of being insoluble, some in slightly acid solutions, some in water, at 
ordinary temperatures, but being soluble at temperatures higher than 70° 0. In the 
digestions by the lupin extract the liquid in the dialyser very soon gave a conspicuous 
neutralisation precipitate, soluble in acids or alkalis, and being evidently parapeptone. 
Besides this there appeared to he a considerable amount of albumoses formed, more 
than is usually seen with either pepsin or tiypan. These were predpitated with the 
parapeptone, but could be readily separated from the latter by warming the tube 
containing the mixed precipitates suspended in water. A good deal of the suspended 
matter dissolved, and, on filtering while hot, the insoluble parapeptone was removed, 
while the albumose remained in solution and was thrown down again as the liquid 
cooled. The albumose in greatest quantity here differed somewhat from the hemi- 
alburaose of Kuhke, or a-peptone of Meissner, as this body is precipitated by acida It 
corresponds more closely with Kuhnb’s heteroalbumose,* which is insoluble iu water, 
being thrown down by dialysis. A certain amount of dysalbumose also was present. 

According to the albumoses are partly the result of the action of the adds 

on protdds, for they are formed by digesting fibrin with HCI *2 per cent, for a con- 
siderable tiTTiA. In this case they were not so formed, but were due to the aotaon of 
the extract, for a control tube with HCfi only and fibrin contained a mere trace of tfaem. 
• and Ohittesdes, ‘Heber AUmtaoBen,* * Zeitfclir. Biol.,’ vol. 20 , 1884, p. 11. 
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Tte subsequent or coincident appearance of peptone and crystalline bodies has 
already been described. For the satisfactory demonstration of the formation of these, 
an experiment was made on a large quantity of fibrin which was subjected for a week 
to the action of 25 c.c. of the extract. At the conclusion of this time the method 
used to separate leuoin by v. Goeup-Bbsaitez in his investigations was followed. 
The liquid was boiled, filtered, and neutralised ; the neutralisation precipitate removed, 
and acetate of lead added. This body forms a compound with leucin which is 
insoluble in alkaline fluids. The precipitate so formed was filtered o£^ and suspended 
in water. The leudn and lead compound was then decomposed by passing a stream 
of SHa through it, and the sulphide of lead so formed removed by filtration. The 
filtrate was evaporated to dryness and extracted with boiling absolute alcohol. The 
last reagent would take up leucin, but not any traces of proteids that had gone 
down with it. The alcohol extract was then evaporated to concentration, when it 
depofflted the crystals. The essential nature of the action of the extract on fibrin 
having thus been established, it becomes possible to speak of the presence in it of a 
proteolytic ferment and to consider this a tryptic rather than a peptic one 

Sev^'points connected with its action were then investigated. 

1. At what tempemtivre is it niost active P 

The m flnpnftft of temperature on the ferments of the anim al organism is one of the 
most remarkable features they possess. Their action is suspended at a very low 
degree, gradually improves up to an optimum, which is the temperature of the aniTna l 
body, and beyond this point declines, till on exposure to about 70 0. they are 
destroyed. 

It does not seem improbable that, as the proteolytic foment of the Lupin works 
naturally in a body which is not at so high a temperature as that occurring in the 
sJimentary canal, a lower degree of heat than that would suit it best. In the experi- 
ments on the point 20 aa of the dialysed glycerine extract were taken and diluted 
with 20 O.C. of HOI of *4 per cent, strength. This was then divided into two, and a 
measured quantity of boiled swollen fibrin was placed in each. One was kept at the 
temperature of the laboratory, and the other put in a water-bath at a temperature of 
37* 0. After two days’ digestion three-quarters of the fibrin in the latter had been 
digested ; the liquid was turbid, and peptone in abundance present. In the former, 
digestion was just beginning to be evident, the edges of the fibrin only being corroded 
away. Two days later the warm tube contained no recognisable fibrin, while the cool 
one showed digestion about half completed. 

Boiling the fluid which contained the ferment effectually destroyed its activity. 

It therefore oorreeponds in its behaviour to the animal ferments, working best at a 
moderately l%h temperature, such as 40* 0., but being destroyed by too great heat. 
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2. What is the medium niost suitable for its action ? 

In the gfi rminating seed, as already stated, the reaction was acid, the depth of tint 
^ven to very sensitive litmus paper being about the same as that caused by *2 per 
cent. Hd. As the tryptic ferment in the pancreas req^uires an alkaline medium for 
its activity, experiments were made to test whether this one worked best in an 
alkaline fluid. Six tubes were taken, of the same capacity, and into each was put a 
measured quantity of boiled swollen flbrin. The tubes were labelled A, B, C, J), E, F, 
and to the fibrin in each was added as under; — 


A. 50 O.C. *2 per cent. HCl and 5 c.c. ferment extract. 

B. 50 c.c. ’4 per cent. Hd and 5 c.c. ferment extract. 

C. 50 C.C. 1 per cent. Hd and 5 c.c. ferment extract. 

D. 50 C.C. 1 per cent. NajCOj and 5 c.c. ferment extract. 

E. 50 C.C. 1'5 per cent. Na^COa and 5 c.c. ferment extract. 

F. 50 C.C. ’5 per cent. NajCOs and 5 c.c. ferment extract. 


Three control tubes were also pi’epared, containing no ferment extract,— 


G. 50 C.C. *2 per cent. Hd. 

H. 50 C.C. *4 per cent. HCl. 

I. 50 C.C. 1 per cent. NanOOs. 


To e ach of the latter an equal amount of fibrin was put, as in the first six. After 
24 hours, and again tdter 48 hours, they were examined, with the results given in the 
subjoined Table. 


A (*2 per cent, HOI) . 
B ( 4 per cent. HOI) . 
0 (1 per cent. HCl) . 
D (1 per cent. B‘a 3 C 03 ) 


1 E (I'S per cent. HfluOOjj) . 
. P (-5 per cent. ITa^OOg) . 
iG 


H. 
I , 


After 24 hours 


After 48 hom*. 


Digestion most active. Most peptone foimed . 
Digestion began. Less active thw A . . . . 
Digestion began. Hearlj as &st as B . . . « 
No change m fibrin^ except that it bad lost 
iranslncenoy. No peptone formeA A little 
albali-albamin present, due to the Na^CO^ 

As 

As D 

No change, but formation of a little acid-albnmin 
by the add 

As G ^ • 

No obange, except that fibrin was ahnm'ken and a 
little alk^-albuzoin formed 


Pibrin all gone 
Pibrin abont half gone 
About as B 

No further change evi- 
I dent 

AsD 

AsD 

No farther change 

No further change 
No further change 


Ai^n+W set of tubes, prepared amilarly, confirmed these resnlta The medium in 
which the ferment acts most advantageously is therefore a weak acid, about equal to 
'2 per cent. Hd. 
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3. What is the injlmnce ofalhcdis and iteuttvl salts on ih^ ferment f 

The complete absence of any sign of activity in the alkaline tubes suggested, as the 
third point, an enquiry as to what had happened to the ferment in these ; that is, 
Tmd its activity been merely suspended, or had it been destroyed as is the case on 
similar treatment of pepsin?'**' To determine this point, which bad rather an 
important bearing on subsequent work, the two tubes D and F in the last series 
of experiments were made the subject of further investigation. 

D contained the ferment in 1 per cent. Na^COg solution. It had been shown to 
be inoperative on fibrin in such a fluid. If its action were only suspended, it would 
be able to digest fibrin if the reaction were made acid to about the extent of 2 per 
cent HCl. If it bad been destroyed, such treatment would not restore the activity. 
Ail the same time, by the neutralisation of the Na 2 COg, some salt would be formed 
which might or might not have an influence on its rate of activity, should such exist. 

The contents of the tube were therefore carefully neutralised, and the alkali- 
albumin referred to consequently precipitated. It seemed possible that any ferment 
present might be carried down by this precipitate, as such bodies do generally 
accompfmy precipitates in the fluid in which they are present. Only half the liquid 
was consequently filtered. Both were then added to an equal bulk of *4 per cent. 
Hd, and a fresh measure of fibrin added to each. The little quantity of the 
dissolved alkali-albumin in the unfiltered tube would not interfere with the result, 
as the activity u'as judged of by the disappearance or not of the fibrin. The filtered 
tube was labelled and the unfiltered one D^. 

It was of course necessary to control the experiment by having two precisely 
Himilnr tubes Containing ferment that differed from these only in not having been 
exposed to the action of the alkali. It was necessary, therefore, to add to these 
exactly the fw-mfl amount of neutral salt which and Dj contained. This was done 
as follows : — t 

50 C.O. of NajpOg solution 1 per cent, were taken, and 5 c.c. dialysed ferment 
extract added. Thin reproduced the condition in.D at conomencement of the former 
experiment. Instead of allovring the alkali to act on the ferment, the mixture was at 
once nevitraL There was present now the same amount of salt as in D after 
digestion and subsequent neutralisation. The liquid was a little turbid from presence 
of a little prottid matter in the extract used. Half of it was filtered and half left 
unfiltered. 27'5 c.c. of '4 Hd and a measure of fibrin as before were now added to 
each ; they were labelled Dj and D^, and the whole set placed on a water bath. 

The digestion was tested ns it proceeded, but no marked I'esults were obtainable for 
a longer time than usuaL The digestion was allowed bo proceed for 54 hours, when 
the following results wcfre noted : — 


* liUfOiAT, * JoTum. of Pliysiol.,* voL 3, p 246. 
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] After ^ Xo apparent clianjjre 
241ioiirB 

Xo appai^ent diange 

1 

Digestion beginning. Digestion begin- i 
Tnrbidily setting in. About as Dj. 


Aftop ' Yo apparent dumge. No apparent change. (Inn- ] Liquid -very tnrbid. About one.^th of ) 
54 hours Quantity of fibrin fortunately hroke this tube About a quarter of i the fibrin re- j 
not lessened at all. 1 in removing it, so did not the fibrin remained. mnined. i 

' liquid quite clear, measure the fibrin. To the. i j 

I • eye there was no change.) j I 


From this set of experiments it becomes evident that alk a li s destroy and do not 
merely suspend the active power of the ferment. From the slowness with which the 
digestion began, and the rate at which it proceeded, it seems that neutral salts in 
the solution have a deterrent effect upon it. Some previous experiments whidi I had 
upon the behaviour of pepsin showed that it was similarly interfered with. 

The experiments made upon the tube F were somewhat differently arranged- From 
the behaviour of the D set, the filtering seemed to make no difference to the result, so 
that it was omitted, but the control tubes were varied a little. 

F contained the ferment in a "5 per cent, solution of NajCOg. It had been exposed 
to the action of the alkuli for more than two days. As in the case of D, it was care- 
folly neutralised and made up with HCl to a strength of ‘2 per cent, of the acid. A 
measure of fibrin as before was put into it, and it was labelled Fj. 

The controls were prepared os under : — 

To* 50 C.C. of NagOOg '5 per cent., 5 o.c. of the dialysed ferment extract were added, 
and the whole neutralised at once. 

Another 60 o.e. of Na^COs *5 per cent, were neutralised, and then 5 c.c. of the same 
ferment extiexst were added. Both were made up to -2 per cent. HCl, and a measure 
of fibrin placed in each. These were labelled respectively F^ and F3. AH three were 
then placed on the water hath. 

Fi then the ferment extract that had been acted on for a time by the 

n11rn.lij and somo Nad resulting from the neutralisation of the alkali- 

Fj contained the ferment that had been exposed to momentary contact only with 
and that at the ordinary temperature of the room ; and the same amount of 
salt as Fi, amilarly caused. 

F8 contained ferment that had not been exposed to even moroentaiy contact with 
the nlka-lij and the same amount of salt as the others. 

The subjoined Table gives the result of the action. 


MDCCCLXXXVn. — ^B. 


H 



50 


j. B. GEEEN ON THE CHANGES IN THE PBOTEIDS 


Time of 
exporiment 


r* 


hooift 

24 

"No change apparent . • . 

Digestion begpun ; more ad- 
vanced tbau in D set of 
tabes after same interval, 
as shown by greater tur- 
bidity of liquid 

Ab Fg. 

48 

A little change in the fibrin. 
Liquid turbid slightly. 
Bibrin measured seven- 
eighths of original bulk 

Digestion advanced. Abont 
one-fifth of the fibrin only 
remaining 

About as F 3 . ^ 


The coniparisoix of this set with the D set confirms the view that the action of the 
ferment is retarded by salt, for, though slower than the usual rate of action, digestion 
was more rapid tTi».n in the D set. Hie action of the aillcali on the ferment in the 
F set was distinctly deleterious, hut the destruction was not complete as in the D set. 

The outcome of these experiments gives then the following answer to the question 
stated : — 

1st The ferment resembles pepsin in being injured by action of alka l is upon it, the 
amount of injury depending upon the amount of alkali present 

2nd. The action is impeded by the presence of a small quantity of NaCl in the 
solution, the amount of hindrance being proportional to the amoimt of neutral 
salt present. The ferment is not destroyed by Nad as it is by NajCOg. 

Further experiments showed that so long an exposure to the action of the alkali 
was not necessary for the destruction of the ferment power. In one case an exposure 
of three minutes rendered it inert. 

4. What is the condition in which the f&rmeni exists in the resting seeds ; Le., is it 

there as a zymogen or os a ferment^ 

The inability of v. Goetjp-Bksanez to show any fermmit action in the Lupin 
extract, contrasting so strongly with the experiments described above, raised the 
question of the condition of the ferment in the resting seed as compared with the 
germinating on& In his paper already alluded to he does nut mention the condition 
of his seeds in this respect, but the point suggested appears to throw some light on 
the reason of the maintenance of the long period of quiescence. If the ferment is 
present in the zymogen condition during this period, there seems no difficulty in 
understanding why germination is deferred, for it would not proceed imtiL set up by a 
development of the active ferment from the zymogen. 

The method adapted in examining ‘this pcmit was a modification of that recently 
described by Langlb? and ISdkiks* in their work on the condition of the ferment in 

* * Jcnm. of vd, 7, pp. 871>415. 







IN THE SETiin WHICH ACCOMPANT GEEMINATION. 


51 


the cells of the gastric glands. It depends essentially on the destruction of the 
^mogen and of the ferment by alkalis, and by passing a stream of CO3 through the 
extinct of the gland. They find that, 'n'hile both these reagents ultimately destroy 
both pepsinogen and pepsin, the destruction of the zymogen is much more rapid than 
that of the ferment by COi, rrhile the opposite conditions are found to obtain in the 
case of the alkali 

A quantity of the resting seeds ■was ground and fined from husks, and a "watery 
extract made. To 20 c.c. of this, 2 c.c. of Ed of 1 pa’ cent, strength were added, and 
the mixture warmed for an hour. This treatment would presumably convert any 
zymogen present into ferment, as it has that effect upon all the animal zymogens. 

It was then carefully neutralised with '2 per cen"!;. NaiCOj, the quantity of the latter 
used being noted. For reference, this mixture may be called F. 

To another 20 c.o. of the extract a mixtm*e of 2 c.c. of 1 per cent. HCl and tJie 
same quantity of N'a3C08 that was used in the first case was at once added. This 
may he called Z. Both now contained the same amount of extract, and the same amount 
and description of salts. The only difference was "that one had been warmed with 
acid and the other had not. 

ISTow 5 C.C. of each of the mixtures F and Z so prepared were warmed for some time 
with 5 C.C. of 1 per cent. Na^COg. They were then again acidified, the strength 
eventually being ’2 per cent. HC!1, and fibrin was added. They were then put to 
digest in dialysers as before. 

Control experiments were made by adding at once to 5 c.c. of each of the two 
mixtures F and Z the same amount of 1 per cent. Na^GOs and of add used in the 
previous cases, and these were then put to digest with fibrin in dialysers dde by dde 
with the others. 

The only differences now between the last two sets of tubes were that the first two 
tubes bftH been warmed "with ftlknli before being put to digest, while the last two had 
had "the alkali neutralised without warming. 

Simultaneous experiments were carried out on the effect of CO3 on the ex'tract. 
The gas was passed through equal quantities of the mixtures F and Z, and these were 
subjected to experiment "with fibrin in dialysers, like the others. Controls were kept 
in which quantities of F and Z through which no COg had been passed were tested. 
The dialysates were in all cases *2 per cent. HCL 

The experimen'ts were repeated under varied conditions as "to length of exposure to 
the action of these different reagents. 

The result of the whole series was "to show that the a lkali had an iiyurious efiect 
upon the extract always, but that "the CO3 did no harm if the lat'ter had been treated 
"with acid before the gas was passed through it. 

Comparing th&e results with those of LAsraiJET and Edkiks, the following con- 
clusions seem probable : — 

1. Zymc^en and not ferment exists in the resting seeds. 
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2. This 2 ymogen is readily converted into ferment by the action of ^ute adds. 

S. The ^mogen is destroyed by the action of COjj but the ferment is not. 

4. Both zymogen and ferment are injured by the action of alkalis. There was not 
such a difference in the rate of injury as, from Langi^ and Edkinbs results on 

pepsinogen, I expected to find. ^ 

The conditions of germination, and the pre liminar y changes which take place at its 
onset and really start it, may be deduced from these considerations. The reaction of 
the resting seed is neutral, and the contents of the cells are dry. On the admission of 
water to the cells, which invariably precedes germination, the reaction rapidly becomes 
acid, probably by certain decompositions made to take place in the protoplasm, 
whereby vegetable adds are formed. This seems not an unreasonable hypothesis, 
as the rapid formation of such acids in turgid cells is the only way in which the 
turgescence can be maintained, the latter depending on the osmotic 
equivalont of the add. This add, reacting on the zymogen present in the cells, 
developes from it the ferment, xmder the action of which the transformation of the 
resting products can readily take place. 

5, Action of the ferment on the proteids of the seed. 

The existence of the ferment and cei*tain of the features of its action thus having 
been ascertained, it remained to investigate the result of its working on the protdd 
bodies existing in the seed. According to "Vinib,* these consist in the Lupin of a 
mixture of hemialbumose and a vegetable globulin. From the recent researches of 
KirHJfE and CHiiTENDEN,t the body hitherto called hemialbumose by them appeals to 
be a mixture of, in many cases, four distinct albumoses. I had not time, unfortu- 
nately, to submit Vines’s hemialbumose to very elaborate investigation, but I was 
able to see that it is composed of at least two albumoses, which correspond feirly 
well with KmaoiiR’s protalbumose and heteroalbumose. 

A watery extract of the ground rating seeds was boiled to separate the globulin 
which bft d dissolved by the asmstance of the inorganic salts in the seed ; it was then 
filtered and submitted to dialysis. Kone of the albumose passed the dialyser even 
after more than a week’s exposure ; the dialysate gave no biuret reaction, and a frint 
opalescence only with excess of alcohoL A trace of sugar passed through, but not more 
t han the merest trace. After twenty-four hours’ exposure I found that the removal of 
the salts had caused a copious precipitate to fall, while the solution, freed from this pre- 
oiptate, gave a fiirther predipitate on addition of HNO3. A little of the boiled original 
extract, containing, as noted, a small quantity of inorganic salts, gave a fairly good 
precipitate on large dilution with water. All these precipitates behaved like albumoses 
in that they were dissolved on heating the solution in which they were suspended, and 
came down again as the liquid cooled. * 

• Oj). aft. 

t Of. eft. 
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A 10 per cent. Nad extract of the seeds was found, to give similar reactions, hut to 
contain more of the body precipitable by dialysis or dilution of its solution. There 
was also extracted by this fluid a greater quantity of the globulin, as shown by the 
greater amount of coagulum produced by boiling. 

As already mentioned, very careful and long-continued dialysis showed that neither 
of the proteids of the seed was capable of dialysis. The dialysate of the boiled watery 
extract, on concentration and slow evaporation on a glass slide, showed only here and 
there a needle-shaped crystal. The se^ hence contains, before germination begins, two 
albumoses (protalbumose and heteroalbumose) and a globulin, but no peptone, nor 
any crystalline derivative of proteids. 

Before iligraiHsnTig the behaviour of the ferment when mixed with these bodies for 
purposes of experiment, it may be well to mention certain changes which took place in a 
watery extract of the germinating seeds, prepared at the same time as the glycerine 
one used in the experiments already detailed. This watery extract when first made 
was turbid, and would not filter clear. It contained albumoses, as evinced by a 
precipitate given on addition of HNO3 or acetic acid. After standing some days at 
the temperature of the laboratory, the turbidity had partially disappeared, and addition 
of acid failed to produce a precipitate. The ferment extracted by the water from the 
germinating seed had evidently performed a process of digestion of the proteids 
extracted coincidently with itself A quantity of it was then submitted to dialyeda for 
some days, and the dialysate gave a slight biuret reaction, much masked by a colour- 
ing matter that diffused out ; when concentrated and evaporated on a slide, it slowly 
deposited crystals resembling those of asparagin. 

The composition of the stored proteids having been ascertained, a quantity of the 
mixed albumoses was prepared from the salt extract of the resting seeds. This was 
chosen, as it seemed to contain the two albumoses more in the proportion in which 
they in the seed than did the watery one. The heteroalbumose is insoluble in 

water, and so only so much of it dissolved in the extract as was enabled to do so by 
the pTnall amount of salts in the seed. This salt extract was boiled to separate the 
globulin, which coagulated and was fiOitered off. The liquid was then completely 
precipitated by acetic acid, and the precipitate separated by decantation and sub- 
sequent filtration, washed, and dried. It was then dissolved again and precipitated by 
alcohoL After standing under this for some time, it was dried and used for the 
purposes of the experiment, being mixed with a quantity of the ferment in new tested 
dialysers. The solution was made acid to an amount equal to *2 per cent. HCl, and 
outside the dialysers add of the same strength was used. The relative quantities of 
the two albumoses used in different experiments varied considerably, but neither was 
absolutely isolated in any. In all the experiments the comne of the digestion was the 
same, a mixture of both albumoses with the globulin behaved in the same way. 

The first body formed during the digestion of the albumoses was an aoid-albumin, 
exactly like the parapeptone described as occurring when tbe ferment was acting on 
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fibrin. This was precipitated on neutralisation, and was soluble in weak acids and 
nilrnEa. No doubt part of it was due to the action of the acdd present, for a control 
tube, with acid only and no ferment, showed the formation of some, though not so 
much. The appearance of this body always struck me as peculiar, as, according to 
Ktjhnb’s theory of proteolysis, hemialbumose is not an antecedent of such a body, 
but is converted at once into peptone. To this point I shall return later, merely 
noting here that the occurrence of the acid-albumin made me particular to see that in 
later experiments there was no proteid subjected to the action of the ferment but the 
albumoses, and then, as before, I always found this neutralisation precipitate present. 
Shortly after this body had appeared the existence of true peptone was recognisable 
in the dialysate by the biuret reaction. I never found the dialysates give this unless 
ferment was present in the digesting mixture. The HCl alone had the power of 
producing the acid-albumin, but could take the digestion no further, or at most could 
produce only the merest trace of peptone. 

In many there was mixed with the solution of the albumoses a small amount 
of a peculiar colouring matter, which, on the addition of caustic soda, gave a strongly 
yeUowish-browu tinge to the liquid. The biuret reaction was consequently 
not very easily noted. I therefore adopted another test for peptone, which I 
found to be exceedingly delicate.* It consists in freeing the solution from all other 
proteids by boiling with freshly prepared ferric acetate and then adding to it acetic 
amd and a drop of metatungstio acid. Any peptone, which may be present, is thereby 
precipitated in a finely granular form. By this reaction I was able to find traces of 
peptone which were not discoverable by the biuret reaction, for the reason already 
stated. I tested the controls always by this method, at the same time as the 
dialysates of the proteids with ferment present, and found, as indicated by the 
biuret, where practicable to apply this, that a large quantity of peptone was formed 
by the ferment, and the merest trace only by the HCL 

With much more trouble I succeeded in showing that the ferment produced 
crystalline bodies, showing crystals similar to those already alluded to as being 
formed during the digestion of fibrin. In some cases these were mixed with other 
crystals, resemhhng those of asparagin, and in yet other cases the latter were by far 
the most numerous. These were deposited, on concentration of the dialysates and 
evaporation on glass slidas. There was a di£B.culty in satisfying myself for some time 
that the oiystaki really came from the proteids in consequence of digestion, as my 
ferment extracts, hdmg glycesrine extracts of the ge rmin ati ng seeds, might have con- 
tained of these bodies, although they had been themselves dialysed. Several 
experiments were therefore conducted to settle the point. In one series of these the 
dialysates were dhangad several times and the quantity of crystals obtainable from each 
olnerved. The fifth du^ysate contained them in greater quantity than the first, which 
indicated a fonnation ^ them as the digestion proceeded, for if they were in the 

Op.dt, 
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extract, to start Tvith, they must have gradually diminished in each change. The most 
satis&ctozy experiment was one that was conducted on rather a large scale. A quantity 
of the solution of the mixed albumoses, prepared and purified as befiji’e described, 
was taken and acidified up to *2 per cent. HCl, and 25 c.c. of the glycerine ferment 
extinct were added to it. The quantity in all was 300 c.c. This was digested for a 
week in a laige beaker on a water-bath kept constantly at about 40® 0. After the 
expuntion of this time 100 c.c. of the fluid were taken from the beaker and boiled 
On neutralising it, as before, a copious precipitate fell, which was filtered off. This 
contained the acid-albumin formed and part of the undigested albumoses. A further 
quantity of these came down on addition of ammonia, and these in turn were filtered 
off. The clear liquid was treated then according to T. Gorup-Besasez’s directions 
to separate the crystalline amides, as has already been described in the case of tlie 
fibrin digestion. The leucin, &c., was precipitated by basic acetate of lead, the lead 
compound, after washing, decomposed by SHj, and the filtrate firom this concentrated 
to very small bulk, when it deposited the crystals in abundance. From the pre- 
cautions taken, and the amount of them obtained, these could have had no other 
origin than the digestion of the albumoses. 

Besides these experiments made on the aJbumos^ alone, some were carried out on ■ 
whole extract^ containing the globulin in addition. The course of the digestion, the 
disappearance of the oiigiaal proteids, and the several products formed were the same 
in all cases. 

The action of the ferment then upon the proteids in the seed was marked by 
the successive formation of acid-albumin or parapeptone, peptone, and leudn and 
asparagin in different proportions. 


6. Cojnpavisoji of these resvlts with the choLixges ascei'tainnhle by exahiinoiioii of the 

seed and seedling during gei'ini nation. 

Following out these experiments, which were all performed apart from the seed 
itself it seemed advisable to ascertain how far these successive steps could be recog- 
nised in the germinating seeds, and hence to deduce, if possible, the form in whi(^ the 
nitrogenous matter travels in the seedling. In his work already quoted "Vines calls 
attention to the difference between the composition of the cell contents in the radicles 
H.Tid in the cotyledons of the germinating seeds, showing that when the germination 
took r^”'*** hi the dark, and the young plant was in consequence etiolated, there was 
much alhumose and little asparagin in the cotyledons, while in the radides asparagin 
alone was found. Y. Gorttp-Bbsanez also has stated that in absence of light he 
fomd leucin and asparagin in the shoots of the Yetch. 

The composition of the resting seed has already been described. When germination 
had jilsb begun, and the radide was just protruding, the cotyledons were found to 
contain a considmnhle quantity of acid-albunnn. hut not much peptone. Seeds rather 
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further advanced contained more of the latter, and aepaxagin was alao present, though 
in amount. The radicles showed the absence of peptone. With metatungstio 
acid and acetic add there was hardly any opalescence. When the extract of the 
ground-up radicles was concentrated and left in an evaporating dish, large rhombic 
crystals of asparagin separated out in considerable quantity. These results confinn, 
then, those arrived at by acting on the proteids in the laboratory. The changes in 
germination following the development of the ferment appear to be 
* 1. The formation successively of add-albumin or parapeptone, peptone, and crystal- 
line amides. 

2. The travelling of the latter bodies to the points where plastic material is 
required. 

It appears certain that the nitrogenous crystalline bodies are not formed at first, 
but that at least two intermediate bodies precede them. Also that the peptone 
formed is but a stage in this production, and does not leave the seat of its formation. 
Hence peptone is not the form in which plastic nitrogenous material travels in the 
seedling. 

The histolopcal changes accompanying these chemical ones are interesting. In the 
-resting seed the proteid matter is present in the form of aleurone grains, which are 
Bfnnll round bodies embedded in a network of protoplasm. Their outlines axe sharp, 
and they occupy about half the whole space of the cell In a seed in which germina- 
tion just commenced the grains axe found to have become laigm^, probably ftom 
fjTH-ng up water, and the protoplasmic network is consequently more compressed. A 
later stage shows the grains to have a much less distinct outline, though they retain 
their almost spherical shape. They axe now studded with sparse granules, and 
appear to be dissolving from within outwards. WlieJi the radide has attained a 
lei^th of about 1’5 inch the disint^ation of the grains is very marked, and the 
protoplasm contains empty spaces in which they formerly lay. In the actively 
growing seed, the radide being 3 to 3 inches long, thare is little left except the mesh- 
wcffk of protoplasm which, now relieved from tension, is seen to be very loose, and to 
contain laj^ vacuoles. 


Ainn.oL'srTiG FEiaiBNTS. 

The manner in which the stoied-up cdlulose is made use of in the plant has not 
been hitherto shown. Beyond the fact that in some seeds there is a large accumula- 
ti<Mi of it, and that then no starch appears in the reserve materials, but little is 
known. Judging foom analogy with both stardb. and proteids, there seems some 
likelihood of the action hdng a ferment action. 

Some seeds of the Date (Phemix dactylifera) were germinatedfor me by Mr. Lynoh 
at the Botanical Qardens, Cambridge. When the young plants had attained a height 
of about sax inohes thqy were i^oved, and the now partially softened seed submitted 
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to investigation. In his ‘ Text-book of Botany/ Sachs has figured the seed of Phanix 
in several stages of germination. From his drawings it appears that the young 
plant remains attached to the seed by part of the cotyledon, and by means of this 
it avails itself of the stored-up matter. On making" a transverse section of the 
seed, it was seen to consist of two parts, the hard endosperm, and the soft cotyledon 
partly surrounded by the former. The endosperm was composed of elongated oblong 
aaPh, with enormoubly thickened walls, containing a very small amount of protoplasm 
and no starch. The cotyledon was made up of rather loosely arranged cdla, 
containing starch granules and a very distinctive epidermis. This was composed of 
square cells, cuticularised, and containing a very granular deeply-staining protoplasm, 
but no starch. 

The cotyledon was separated from the hard parts, and glycerine extracts were made 
of both, each being ground up as finely as possible. 

The extracts were in the first instance put to digest with some ground resting seed, 
but after prolonged action neither of them seemed to have any effect; at least the 
quantity of ground cellulose had not apparently diminished. 

The extract of the cotyledons was next tried on a small piece of manufactured 
cotton. A similar quantity of the extract was well boiled, and to it a similar piece of 
cottqn added. After two days’ digestion the former piece appeared to be attacked at 
the edges, where threads had flayed out. Both were now removed and boiled in 
Fehu3<ig’s fluid. I’he one which had been in the imboiled tube became coloured with 
reduced copper oxide in patches, particularly in the parts •which seemed softest, but 
the other underwent no change of colour at all There was apparently in the extract 
a very trace of a ferment which produced sugar from the cellulose, but so very 
little in amount as to lead to the view that the change of the cellulose in geimination 
was not due to an isolable ferment. On looking at the cotyledon, and noticing the 
character of the cells covering it, which are consequently in contact with the cellulose 
of the endosperm, it appears more likely that the latter is gradually eaten a'way by 
epidermis, and that the ferment only exists in these cells. This seems probable, 
too, from a section of the endosperm. The cells are seen to be gradually broken down 
where they are in contact with the cotyledon, the other cells remaining intact till 
they ore reached by the latter. 

There was no evidence that the extract of the endosperm had any action on 
cellulose at aJL Evidently in it there is no ferment, and the change is due to agendes 
quite external to its cella 

Neither extract had any diastatic action. 

I can confirm previous writers as to a diastatic ferment in the Lupin seeds, besides 
■the protedjrtio one. 
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MB. J. B. GBBBIT ON THE CHANGES IN THE PROTEIDS 
I may summarise my results oa geiminating seeds as under : 

1. There exists in the Lupin seed a proteolytio ferment. worHng in an acid 
medium, and capable of converting fibrin into peptone, leucin, and tyrobin. 

2. This ferment exists in the resting seed in the form of zymogen, and the latter 
very readily, by the action of acids, is transformed into active ferment. 

3. Its action is much interfered with by presence of too much neutral salt, and it is 
q^uito destroyed by the actioD of alkaJiea. 

4. It 'W’orks with extreme slownessr 

5. Its action is much like that of pancreatic juice, but more hemialbumose is 
formed by it than by the latter. 

6. It acts on the proteids in the plant in such a way as to convert them into 

peptone, and then into leucin, asparagin, &c. 

7. The nitingenous plastic material travels to the growing points in the form of 

these amide bodies, and not in that of peptone. 

8. The conversion of caUnlose in the date seed into plastic material is not carried 
ont hy an isolable ferment in the endosperm, hut by the gradual breaking down of 
the latter, brought about hy the epidermal cells of the cotyledon, which contain the 
ferment in small quantity. 

The proteolytio ferment of the Lupin has considerable unportance from the slowness 
of its action, which seems as if it would afford fiw^ty for the examination in detail of 
the course of proteolysis. In the foregoing paper I have called attention to two 
points that seem to offer a field for farther investigation. The first of these is con- 
nected with the apparent formation by this ferment of considerably more '‘hemi- 
albumose " from fibrin t.ban is formed from it by either pepsin or trypsin. Whether 
hemialbumose be a single body, or more probably a mixture of several, it appears to 
approach the globulins in its reactions more nearly than does the acid-albumin or 
parapeptone, which is formed coindldently or later. Thus, like them, it is more freely 
BolTihle in dilute salt solutions than it is in water, in which fluid globulins are 
altogether insoluble. TVom its solution, it is precipitated on saturation with the 
same neutral salt ; at least part of it is predpitated by dialysis or dilution, just as 
most globulins are. In its behaviour to heat it begins to show a difference. Both 
globulins and hemialbumose form opslescent solutions in the cold; on raising to a 
temperature above 70° 0., the globulins are coagulated ; the hemialbumose goes into 
solution completely, bdng again thrown down on cooling. This difference is carried 
a step further with parapeptone, for when in solution it is quite unaffected hy heating 
or cooling. There is, however, a difference between the latter two bodies as to the 
liquid in which they are soluble. In. the peptones the solubility at all temperatures 
is still seen, and the necessity for acid or alkaline reaction in the fiuid to secure such 
<K>lub]lity has disappeared. The point suggested is, therefore, whether hemialbumose 
is really the first product fiormed, and whether it gives rise later to the other products 
seen, parapeptone aqd peptcma If so, the greater quantity of it found with the 
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Lapin fennent may be caused by the slowness of action of the latter allowing it to 
accumnlate before the process can be carried further. 

The next point I wish to call attention to is the formation of acid-albumin or para- 
peptone in the digestive process brought about by the Lupin fennent in a solution of 
albumoses. Whether these are identical with Kuhne’s hemialbumose or not, they 
give reactions showing a very close connexion vith it, as pointed out by Vines.* The 
acid-albumin formed closely resembles Meissnee’s parapeptone, and is hardly dis- 
tinguishable from KVedte’s “ antialbumose.” According to the theory of proteolysis 
advanced by the latter observer, the first decomposition of such a proteid as albumin 
or fibrin is the splitting of it into two groups of bodies, which he calls an “ anti-” and 
a " hemi-” group, to each of which belongs an albumose and a peptone, and these two 
groups seem in their further decomposition to be independent of each other. Neither 
should, therefore, give rise to a member of the other group. Now parapeptone, closely 
resembling antialbumose, is a member of the “ anti-” group, hen ualbumoae a member 
of the “ hemi-” group. Consequently, if Kuhne’s theory be true, hemialbumose, when 
present alone, should give rise at once to peptone, and antialbumose or parapeptone 
should not appear. 

The experiments I have narrated do not of course settle the point, for, to be quite 
sure, it is essential that no member of the “ anti-” group should be present. Though 
the albumoses I worked with were carefully prepared, it seems necessary that more 
should be learnt about their natme and reactions, and the best way of isolating them 
absolutely pure, before any dogmatic statement should be made. The expeiiments 
suggest an enquiry into the fiite of such perfectly isolated albumoses when acted on 
by trypsin, pepsin, and the Lupin fennent. Such an enquiry should embrace the 
nTiimwl albumoses as prepared from fibrin, and the vegetable ones that can be obtained 
from the seeds of plants. 

g houl<l such occurrence of parapeptone from pure albumoses be found, the point 
would have an important bearing on the qriestion I raised just now as to the rdative 
places of hemialbiunose and parapeptone in the course of proteolysis. 

To these questions I hope to return at a subsequent period. 


• Op.eit. 
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[Plate 6.] 

It has been fully proved that the habitual breathing of air vitiated by the presence of 
human beings has a most important effect on the death-rate. W e nevertheless possess 
as yet scarcely any accurate data as to the connection between the death-rate and the 
(j^uantities of such impurities as it is at present possible to measure. Ivor, so &r as we 
are aware, have any systematic observations been made as to the relative amounts of 
these impurities in different samples of vitiated air. 

The quantity of carbonic acid (or of carbonic acid and oxygen in more refined investi- 
gations) is usually taken as a measure of the total impunty. It is, however, highly 
improbable that an increase in the carbonic acid and a slight diminution in oxygen 
materidJly affect the death-rate (cf. Hirt, " Die Krankheiten der Arbeiter,' 1873). 

The organic matter and micro-organisms in the air are in all probability fiur more 
important fectors- 

The original object of the present investigation was to examine systematically the 
air of various classes of houses with the view of comparing the amounts of carbonic 
add, organic matter, and micro-organisms with one another, and with the death-rates 
in the. same classes of houses. During the progress of our vrork, however, several 
additional questions presented themselves, and the actual scope of the research has 
theorefore been as follows : — 

1. An investigation of the outside air so far as was necessary for purposes of com- 
parison with the determinations made inside buddings. 

2. A comparison of the quantities of the above-mentioned constituents of the air in 
one-roomed, two-roomed, and the better dass of houses with one another, and with 
the death-rates and relative fii^uencies of various diseases in the several classes ^of 
dwellings. 

8. A'u examination of the air in schools, with special reference to the cubic space 

37.4.87 
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and to different methods of ventilation, and other ciroumstances affecting the quality 
of the air. 

4. An examination of the air in some other classes of buildings. 

5. An investigation into the sources of the organic matter and micro-organisms of 
air inaidA buildings, and the rfroumstances affecting the numb^ of micro-org^ms ; 
also of the relative number of bacteria and moulds in both outside and inside aar. 


Methods. 

1. Carbonic Add. — ^Pbttbnkofee’s well-known method was employed. 

2. Organic Matter , — The process described by Professor Cabnbllby and 
Mr, MAngTiii was made use of (*B,oy. Soo. Proo.,’ vol. 41, p. 238). 

It must not be foi^ttmi that the term “ organio matter ” is a very indefimte one, 
and that by it is really meant the bleaching action of the air on a dilute solution of 
potassium permanganate amdified with sulphuric amd. It therefore indudes not only 
organic matter properly so called, but those substances which air sometimes contains, 
such as sulphuretted hydrogen, sulphurous tuud, &e., which also bleach a perm angana te 
Bolntion. Even the organic matter itself may be of very different kinds and vary con- 
siderably as regards its influence upon health, some doubtless being quite harmless, 
'whilst some may exert a very deadly ef^t. In so far, therefore, as the method does 
not distinguish between these various constitjien'ts of air, but brings them all into the 
same category, it is a very imperfect method. But, as no better process has yet 
been devii^, it is the only one which has been at our disposal. 

8. Micro-Organisms . — ^In determining the number of micro-organisms, Hesses 
method (‘Mi'ttheilungeii aus dem Kaiserlichen Gesundheitsamte,’ vol. 2, p. 182) was 
employed.* 

A piece of 'wide glass tubing, about 70 cm. long and 3 '5 cm. ■wide, is closed at one 
end by means of a perforated india-rubber cork, through which passes a small piece of 
glass tubing about 10 cm. long and 1 cm. wide, and containing a plug of cotton 
wool at each end. The other end of the large tube is closed by two india-rubber caps 
fitting one over the top of the other, the inner one being perforated by a round 
opening of about 1 cm. in diameter. The whole being thoroughly cleansed, about 
SO c. c. of Koch's jelly (containing the juice of 1 Ib. of meat, 10 grammes of peptone, 
5 grammes of common salt, and 50—100 grammes of Erench leaf gehitine 'to 1 litre of 
wa'ter, and, after heating, very digh'tly over-neutralised 'with sodium carbonate) is 
introduced hibo the tube. The 'tube, 'with its contents, after replacement of 'the cork, 
18 exposed to a temperature of 100 C., in an atmosphere of steam, for at least an hour, 
and then allowed 'to cooL 'When 'the jelly assumes a syrupy consistency 'the tube is 


"* As Esao^s ineiihod u noigeiurallj laio-vii, especially aiuong chemists, aoid OB the Ixteiatnire lefening 
to it n not eadly soceoEiUe, it bsa lieen tiioBglit advisable to desoribe it in greater detail than ironld 
otherwisB he neoessary. 
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placed in a horizontal position and turned round until the jelly is just heguming to 
set ; the "whole of the inner surface of the tube is by this means coated "vrith jelly, and 
a £at sur&ce is formed at the bottom, "vrhere most of the jelly collects before setting. 
When the tube is to be "used it is set horizontally on a tripod, or other convenient 
stand, "with the flat surface of jelly on the lower side of the tube. The outer cap is 
then removed, and a measured quantity of air drawn slowly through the apertm’e in 
the innftr cap and along the tube by means of an aspirator, the india-rubber tube of 
which is connected "with the end of the small tube passing through the cork of the 
large tube. For aspirating, two graduated bottles are used, one being hung to the 
upper part of the tripod, and the other standing on the ground. The rate of flow is 
regulated by the size of the glass nozzle through which the water flows into the lower 
bottle, or by means of a small screw dip. 

The whole of the micro-organisms in the aspirated air always settle on the lower 
half of the tube ; and when a proper rate of flow is chosen the resulting colonies 
(which develop in the course of a few daj’s) appear closest near the cap, gradually 
becoming more and more sparse as the farther end of the tube is approached, so that 
the last part of the tube is entirely free from colonies (see Plate 6, figs. 2-3). For 
further formation we must refer to Hesse’s paper ; but it is desirable to mention 
more specially some details of the method as it was employed by us. As regards 
length and width of tubes, we did not consider it necessary in our experiments to 
adhere strictly to one size. It is exceedingly difficult and expensive to procure tubing 
of the width and in such lengths as "wUl cut up without great "waste into 
pi p cftff of say 70 cm. long; and for our purpose the advantages would have been 
scarcely appreciable. 

H'bssb recommends that the tubes should have edges turned out at one end, in order 
that the caps may fit more tightly. This, however, increases the risk of cracking during 
sterilisation, and makes it difiicult to remove or replace the cap "without a good deal 
of inconvenient manipulation, which increases the danger of artificial infection of the 
air. We found it better to employ square pieces of india-rubber sheeting, which were 
fastened by means of stout umbrella rings. The inner cap is first fixed on, the part 
of the cap next the end of the tube being freed from creases by slightly stretching 
the cap. It is then easy to fix the outer cap by means of a ring applied quite dose to 
the end of the tnbe. If any mreases are left under the ring the tube is sure to leak. 
An addifin-nal ring applied higher up keeps the edges of the square in proper position. 
When the tube is used the last-mentioned two rings are removed, and the outer cap 
can tbpp be taken off ^thont any manipulation likdy to infect the air. During the 
experiment the cap is placed in a solution of corrosive sublimate and replaced still 
moist, the superfluous drops having, howovar, been first carefully shaken off 

The apparatus used for sterilisation was essentially the same as that employed by 
Hesse, and conasted of a suffioently large cylinder of iron plate, about 8| feet loi^, 
fitted on the top of an ordinary potato-steamar and provided with a pafrjrated lid. 
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The Trhole was covered externally with felt. A temperature of 100° was easdy mam- 

tained insid© the cylinder. ^ 

The tubes were at first sterilised by he^ kept for half an hour at 100 on 
two successive days. Latterly they were simply kept for an hour at 100°. ^ A,ny 
feilTire in. sterilisation would be easily detected by the appearance of colonies mAde 
the jelly, and by their distribution round the tube. But this was never obtained in 
the case of tubes sterilised by the above method (of. Kocs, Gabtry, and LcEFriiBB, 

‘ Mitth. a. d. K Gesundheitsamte,’ voL 1, p. 332 et seq.), nor did any colonies ever 
appear inside sterilised tubes kept unuse(J for long periods. 

The rate of air-flow employed was, as a rule, about one litre in three minutes. The 
most suitable rate in any given ease depends on the number of micro-orgamsms in the 
air and the rapidity with which they settle. When there are many in the air to be 
examined it is best, as a rule, to make the rate of flow more rapid. The error arising 
from the crowding together of colonies near the entrance is far greater than any likely 
to occur from the passage of micro-organisme into the cotton wooL Not only do the 
colonies coalesce if crowded together near the entrance, but substances appear to 
bec ome diffiised through the jelly, which entirely prevent the growth of some of them. 
Agfi.in- when the particles to which bacteiria are attached are heavy, as occui'S, for 
in«fji.TinAj in outside air on a dry windy day in towns, a rapid current is also necessary 
on account of the heavy particles coming down very rapidly on entering the tube. 
On the other hand, a slower current is desirable when there are no heavy particles in 
the air, as in the case of a room which has been standing quiet, or outside air in damp 
weather. It is, of course, quite easy to tell from the distribution of the colonies in 
the tube whether a proper rate of flow has been chosen. 

The quantity of air taken was usually half a litre in had atmospheres, one or two 
litres in better ventilated rooms, and from one to ten litres in outside air, according to 
mrcumstances. The latter quantity would frequently he insufficient in making 
systematic observations on outside air, as in many cases no colonies develop firom ten 
litres. The quantities taken were, however, sufficient as regards the purposes we had 
in view in ftvM.TniniTig outside air. The tubes after the samples had been collected 
were exposed horizontally on racks in a room the temperature of which was kept 
tolerably constant daring the day all winter by means of a warm-air ventilating 
apparatus. They were left until no more colonies made- their appearance — a period 

practically speaking from three to four weeks. In a good many cases the colonies 
bad begtm to run together before this time had elapsed.” In such cases we made an 
allowaDoe for probable increase^ based on the percentage increase observed in other 
tubes. 

Probably a better arrangement would have been to have kept them in a large incu- 
bator at about 20° but, having begun by exporing them in the laboratory, we thought 
it best bo oontmue doing ao all through our experiments. 
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The tripod employed was about three feet high, so that the samples were always 
coUected at that height from the floor. 

As some adverse criticisms of Hesse’s method, contained in an article by 
Pawlowbkt (* Berliner Hlinische "Wochenscbriffc,’ 1885, Ifo. 21), appear to have 
attained some notice, it may he well to state that these criticisms, as wiU easily be 
seen on reading the article, depend on a complete misunderstanding of the method of 
sterilisation employed by Hesse. The new method suggested by Pawi-owskt is not 
only no improvement, but would give absolutely nugatory results. 

We have preferred Hesse’s method on account of its great simplicity and other 
important advantages. We consider it to be a most convenient and elegant process. 
Miqubl’s method (* Organismes Vivants de I’Atmosphhre,’ p. 175) could not well have 
been applied by us under the conditions to which our work was subject Miqubl 
( p. 151) as a standard nutrient medium a iouiUon of Leebkj’s extract, of 1‘024 
specific gravity, and moubated it at 30** to 35*. How such a nutrient medium 
compares with Koch’s meat jelly, used under the conditions of our experiments, has 
not, so fer as we know, as yet been determined. We cannot, therefore, compare at 
present the numerical results of otlr observations with those of Miqubl in his valuable 
series of observations on the micro-oxganisms of outride air. 

In stating our results, the carbonic acid is reprinted in all cases by the number of 
the volumes of the gas contained m 10,000 volumes of air. 

The organic matter is represented ly the volumes of oxygen required to oxidise the 
oiganie matter in 1,000,000 volumes of air. 

The micro-organisms are r^resented hy the number per litre of air. It must also 
he distinctly understood that this number indudes only those which grow on Koch’s 
nutrient jeily of the composition previously stated, and kept in a room under ordinary 
If the jelly, for instance, were acid, the numbers and the ratio of bacteria 
to moulds would be difierent. 


OuTOiDE Axel 

In ordmr to draw condurions from an examination of air inside buildings, it is of 
course necessary to know the state of the outride air. A s r^^ards each of the con- 
stituents estimated, considerable variations were found at difierent times and places. 

The following Table gives the lesults of determinations made on different days and 
in all kinds of weather during the winter and spring of 1885-86, and in various parts 
of the towns of Dundee and Perth. The observations were made at mtervala over the 
same pmiod as that during which the air of schools, houses, Ac., was examined. 
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J)andee (town, quiet places.) 

Dundee (Bahnrba), 

I 

>eith (OQ 

tskiits}. 


ITo of 
ddenm- 
nationa. 

IiOweBt 

Highest 

Mean. 

Ho. of 
determi- 
naticHiB. 

Lowest 

Higheat. 

Mean 



Ho. of 
determi- 
nations. 

Lowest 

Highest. 

Mean. 

Carbonio add . ^ 
1 Orgaiuo^ matter « 
Totid * micro- 
omoisms —• 
Bacteria. 
IfonldB . . 

82 

46 

16 

14 

14 

22 

17 

0 

0 

0 

66 

16 8 

2^ 

1-9 

18 

89 

8*9 

0*8 

06 

0*2 

6 

10 

1 

1 

1 

1*8 

0 

• * 

1 •• 

} 

8*5 

5*6 

• • 

•* 

0 « 

28 

28 

01 

0 

0-1 

8 

6 

29 

17 

• « 

« « 

85 

4*5 

8*1 

8*1 


The above Table shows (1) That the average carbonic add and organic matter 
were much lower in suburban than in town air. I^Tesumably they would be still less 
in country air. No conclusion can be drawn as regards the relative pinportion of 
micro-organisms in town and suburban air, as only one determination was made in the 
latter case. (2) That this difference is relatively much greater in the case of the 
organic matter than in that of the carbonic add. (3) That the quantity of organic 
matter, at least in town air, varies within much -greater limits than that of the 
carbonic add. (4) That the avmage number of micro-organisms in town air was 
rather les** than one per litre for town air in Dundee in winter. (5) That th^number 
of bacteria in the air of quiet places in winter in Dundee was about three times as 
grrat as the number of moulds. In the open streets during dry and windy weather 
the proportion of bacteria is much greater (see pages 99 (Table) and 101). 

The numbers of which the above are the means exhibited variations of every degree 
within the limits shown in the Table. Some of the causes of these variations will 
appear from the following Tables. 

Infiuen&e of Daiy and Night, and of Open and Closed Places. 

This is dearly shown in the Tables given below. The day has been supposed to 
extend from 5 A.M. to 7 P.M., as these are about the hours at which work begins and 
ends at the Twilla and fectories in Dundee. Although the ordinary work begins at 6 A.M:., 
the boiler fires, Ac., begin to smoke about 5 a.m. By “ open places ” we mean ordinary 
streets, large yards, squares, &c. ; whilst by ** dose places * are meant narrow lanes, 
entries, ba^-;^rdB, and other places dosely surrounded 1^ bouses, and more espedally 
by crowded low-dass bouses. No determinations were made in dose places during the 
day. 

* A laxgar number of micro-oigaaiaiuB (11 per litre on on avenge) were found at places in or close to 
open abnete on wbieib tbece was mnoh tnlBo (see page 99, TaUe). These observations were made in 
Apt3 and ICsf, 1896, asiii shbeeqaentily to those deteiled above. 

AQ the observatiaDsfni^iisd inline above Table were made with ten litres of air. 
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Open places 

Djlj 

1 

OpenplftceB Clow plate. 

N^gbf. 

No of 
detenni* 
nations. 

Lowest. Highest. Mean 

No of 
determi 
nauona. 

1 No. of 1 1 

Lowest. Highlit Mean, detenni- Lowobt HighesL Mem 

nations 1 

1 

OariMnioacid . 
Oiguiic matter . 
Total micro* 

oigaiLBina — 
Bacteria . . 
Monlda •• 

20 

34 

6 

6 

6 

2*2 5 S S -8 

1*1 l «-8 8*6 

0 8 2*2 1*2 

0 19 07 

0 2 1*3 0 6 

9 

9 

2 

2 

2 

80 68 41 7 ' 

2 2 6*7 8*9 7 

0*1 0*2 0 16 8 

01 0 2 016 6 

0 0 0 6 

8*2 64 42 

6 8 11 8 8*4 

0 , 1*8 0*64 , 

0 ' 18 0 49 

0 01 001 


The above Table shcvrs : (1) That, "with the exception of the carhouic add, all the 
determinations made in open places gave much lower x*e 9 ults during the night than 
during the day. The organic matter was reduced to less than one-half, and the micro- 
organisms to nearly one-tenth, of what they were during the day. The carbonic acid, 
though repr^ented as being slightly less during the day, was practically the same ; 
for, according to the method of treating the data, the night would show a slightly 
higher or a slightly lower result than the day. (2) That in all cases the determina- 
tions Tnade. during the night gave higher results for close than for open places. With 
the exception of the carbonic acid, this difference is very considerable. Though the 
figures for carbonic add are near, yet the average for dose is distinctly higher than for 
open places. The average for open places is possibly a little too high, as any other 
xneth^ of treating the data would give a somewhat lower rebult. (3) That, with 
the exception of the carbonic add, even close places at night give a lower average 
open places by day, thus proving distinctly that both organic matter and micro- 
oiganisms are oondderahly less during the night than during the day. The moulds 
more particularly showed a large reduction. 

The influence of day and night, and the effect of town and suburban conditions, is 
shown in a condudve Tnnnnftr by the next Table. This Table records a series of hourly 
observations made simultaneoudy at two different places for a penod of tweniy-four 
hours. One of the places at which the samples were collected was the large open 
playground of the Dundee Sigh School in the centre of the town, and the other a 
somewhat elevated position on the w^tem outskirts overlooking the Tay. The 
prevalent direction of the wind was about south-west, i.e., across and down the valley 
of the Tay from the Ochil Hills. * The standard solution employed in both cases was 
the same j and the analyses, apart from the collection of the samples, were carried out 
by the b stwa person. The results of the full Table (p. 68) may be summarised as 
follows ; — 
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Toim. 

West Babnrbe. 

April 2iid and drd^ 1886. 

Ko of 
Betermi- 
naiioxis. 

Lowest 

Hlgiiest. 

Mean. 

Fo. of 
Detennl- 
nationa. 

Lowest. 

Highest. 

Mean. 

Day, 1 

5 AJi. to 7 r JUT. 

mgbt, , 

7pji. to 5 ajc. 

’ Oarbonio add . . . 
Oiganlo matter. . . 

’ Oaibonie add . . . 
Oiganioinatter. . . 

18 

12 

7 

fi 1 

2*6 

2'8 

8*0 

2-6 

4*1 

96 

4*1 

68 

3*95 

6*2 

8*46 

4*6 

18 

18 

10 

10 { 

IT 

1*7 

1*7 

Too small 
to estimaie. 

2*8 

8*1 

2*4 

1 4*6 

2*8 

6*8 

1*76 

1*86 


As before, the day is taken as extending from 5 A.M. to 7 p.m. 

It will be seen that the quantity of carbonic add in the air during the day on which 
the experiments were made was extremely low, even Ming to 17 volumes on the 
west of the town during the night. The frequent lowness of the carbonic add in 
Dundee during last winter is very remarkable, and difficult to account for. It is true 
that the results were obtained during winter, and many of them in the middle of the 



Tempentnre. 

Cazbonio add. 

Ozgsnio matter. 



ApHl Snd and - 
Sid, 1880. 

Town. 

West 

enborbs. 

Town. 

West 

nlmirbL 

Town. 

West 

suburbs. 


‘RatwatIth- 

7.16 AJC. 

•3Pabr. 

• a 

•Mur. 

#• 

s a 


58 

8*1 - 


Somewhat oydrelouded, otherwise bright sim- 
dihie. Bree^r, S.S XL Ohimne^ smohing 
strongly. S^l of smoke. Smoke alM 

8.16 

•« 

•« 

27 

1*9 

8*1 

4*1 


Mown aorosB to west of town from bridge 
works. 

Suimy» S.S XL 

8.16 

50 

48 

2*6 

2*4 

46 

6*8 


Oyer^: strong wind, S. 

Ditto, S.6.W. 

10.16 

a a 

49 

2*9 

2*6 

« a 

6-8 


11.16 

62 

49 

8*8 

2*6 

6*6 

4-8 


muo. 

lU&FJi. 

* a 

40 

82 

2*8 

8*2 

1*7 


Dittop Wind rather more from West. 


58 

61 

4*1 

2*6 

• • 

4*8 


Ditto. WindS.W. 


54 

49 

8*8 

2*2 

7*1 

7*0 


Ditto. 


a m 

48 

2*0 

2*4 

9*6 

5*6 


Ditto. 


40 

46 

8*2 

a-s 

a*B 

5*8 


Bain* Wind ikllen. 

ais 

48 

44 

2*7 

2*2 

as 

5-1 


Ditto. 

6.16 

47 

42 

82 

2*6 

S>9 

a a 


Ditto. Fo wind. 

7J6 

a« 

41 

8*2 

1*9 

«« 

4-4 


Ditto. 

8.16 

■ a 


8*0 

1*7 

8*8 

2*9 


Ditto. 

9.16 

48 


8*8 

2-4 

26 

4-1 


Ditto. 

lais 

48 

89 

8*8 

1*7 

• • 

1*9 


Bain stopped. Wind rising. 

Dittos Wind higher. 

11.15 

a a 

40 

8*2 

1*7 

8*9 

2*2 


laioijt 

42 

89 

•• 

1*7 

6*8 

too small 

DriiaUng rain. Wind leas. 

1.16 

•• 

89 


1*7 

* » 



Bine, oyeroas^ Utile wind. 

U6 

41 

88 

8*6 

1*7 

6-0 



Bine, and nearly olear. Wind alighi W*. 

au 

«• 


ImJM 


6*4 



IMtto. 

4,10 

• • 


\mm 

Kl 

■ a 

8*1 


Ditto. 

5.16 

88 


4*1 

1*7 

6*8 

4*4 

{ 

Ditto. Mill fires lighting up in the town, 
snd a good deal of smoke about. 

ais 

87 


4*1 

w 

8-1 

6*8 


Ditto. 


n^ht, when the oaKhonio add is gensirally said to be lowest. Dundee is also dose to 
the open S8a>, and without any large town near it. iPonoB (*HygieDische Untersuch- 
uugen,* 1881)) from a huge nsmbet (rf observations) gives the limits as 2 to 6 . 

















69 


osr THE OABBONIO ACID, ORGAKIO MATTEB, BTO., HT AIR. 

volumes, outside "which cases very seldom occur. He states that oarbonic acid is 
lowest in "winter and on the seashore. Levs? (' Annuaire de Montsouris,* 1882) gives 
the mean carbonic acid at the observatory of Moutsouns (subui'hs of Paris) as 
3*0 volumes. The mean carbonic acid in air appears to he distinctly lower than the 
quantity (4 volumes) maintained by the older authorities. 

Mtquel flTidfl that the number of micro-organisms is also much greater in the centre 
of a town than in the suburbs. This is doubtless due to the stir in the town raising 
dust, &c (see below). Our own observation that the number of organisms is greater 
during the day in a to"wn is what might be expected for the same reasons. In this 
connexion it "will he of interest to give the results of four observations made on "two 
different nights in one of the centri courts of the Houses of Parliament in April and 
May of the present year. 


Tbne. 

Carbonic 

Acid. 

Organic 

matter. 

Total 

nicto* 

oiganisDU. 

BacUria. 

1 

Honldg. 1 

» 

April 19-20th( 

8.30 PJf. . 
1.0 ut. . 

1 4*1 

1 

31 1 

1 

9-2 

4*0 

9-2 

.3*6 

0 

0*4 

MaylS-lSth ( 

6.0 P.3r. . 

4-i 

2-5 1 

18'0 

14-0 

4*0 

12.80 A.H. . 

4-4 

too small 1 

3-0 

1-5 

1*5 


At the time of the first observation in each pair the streets were very busy. 

These results, so fer as they go, are in perfect accord "with the concl'usions deduced 
fr om the results in Dundee, 

The Am of Dweii.ixg-Houses. 

Mode and Time of taking Semples of Air.— The samples were taken during the 
night, between 12.80 A.M. and 4.30 A.si. This appeared to be the most favourable 
time for avoiding disturbing conditions, and at the same time obtaining fair specimens 
of the air breathed during the night. The one-roomed houses were mostly those of 
the very poor. Sometimes as many as six, or even mght, persons occupied the one bed. 
In other cases there was no bed at alL The occupants of the two-roomed houses "were 
as a rule much better off, belon^ng mostly to the artisan class. 

Mr. Kinmbae, the head of the Sanitary Department of Dundee, was good enough 
to place at our disposal a horse and covered van, by which means we were enabled to 
the analyses in the street outside the houses selected for examination. Two of 
the inspectors belonging to the same department assisted us in our work in the case 
of the poorer of houses. Those houses were virited without warning of any 
Knd to the inhabitants, so as to avoid the risk of having the rooms speriaJly venti- 
lated in preparation for our visit. In every case hut one we were most civilly 
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received, and willingly allowed to collect the necessary samples of air, measure the 
room, and obtain snch information as was required. "We were, in fec^agreeably 
surprised to find that so Uttle objection was made to our untimely visit. The precau- 
tion was, of course, taten of having the door open for as short a time as possible, and 
of avoiding unnecessary movements such as were likely to stir up dust and contami- 
nate the air. In the case of one-roomed houses the samples were taken about the 
centre of the room. In two-roomed houses we found that the door was ^ways kept 
open between the two rooms, and that usually there were people sleeping m both 
rooms. We therefore in those oases took the samples by the door oommunicatii^ 
between the two rooms. About ten minutes in each room were, as a rule, required in 
order to the specimens, measure the room, &c., and about twenty minutes subse- 
quently for determining the carbonic acid and organic matter in the vam HaJf-an- 
hour in all was, therefore, required for each house. We could thus visit five or six 
houses each night, besides taldng and analymng samples of outside air iu the courts 

or laaes in "whicli the houses were situated. 

In the case of houses of four rooms and upvrords, houses of various sizes and in 
different parts of the town were selected, and were usually those of aequaiutances. 
With one exception, we always found the windows and doors closed in the houses we 
visited. The rooms were examined in their usual conditions in every respect. 



One romed liOQMB. 

0hro>TOomed hoiuwe. 

Hoobob of foot rooms and upwards. 

FeEBOduperhow 
(per loom ia last 
elan) .... 

per penon 
TOnpntfaire^lf.) 
Gbrimleftoia. • 
Oiguie maltMT • 
7otftl micro* 

Jiuterii . « 
KotOas. . . 

No. of 
oases. 

Lowest 

Hij^est 

Arenge 

No of 
ossee. 

Lowest 

Hl^iest 

Avenge. 

No, of 

Lowest 

Highest 

Aveiage. 

99 

99 

91 

99 

99 

98 

19 

19 

9 

104 

4ft 

0*8 

Y-ft 

6*0 

0*0 

0 

10 

598 

01 

89*1 

m 

940-0 

190*0 

6-0 

0-6 

919 

56 

11*9 

15-T 

80H) 

580 

1*9 

1ft 

1ft 

9 

19 

11 

18 

11 

11 

4 

148 

50 

r-1 

6-0 

8-0 

60 

0 

10 

896 

60 

18*9 

80*9 

1880 

118*0 

10*0 

6*8 

949 

68-5 

99 

10*1 

46-0 

48*0 

9*2 

18 

18 

18 

18 

18 

18 

16 

16 

ooe 

8 

4906 

68 

11- 7 

12- 0 

99*0 

16*0 

1*0 

1-8 

1883 

54-5 

7*7 

4-6 

9*0 

8*5 

0-4 


The results shown in the above Table come out even more strikingly if, instead of 
giving the average total quantity of carbonic add and organic matter, we give the 
quantities present in excero of the outside air at the time. This is done in the 
fijifiawing !I^bl6. As the number of micre-oiganisms in the outside air was so small, 
tiiqr may he ne^eoted, and therefore no change as regards micro-organisms is needed. 
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n 


AboYB oatdde air. 

Onsroomed honaae. i roomed homes. { Honaes of fbor zooma and upwards. j 

:!ro.of 

eases. 

Lowest, 


1 

Ayezage. 


Higheat 

1 1 1 

ATOr4ge.| ^^1 Iiowwtj Higheat. 

I J 

Ayerage. 

Temperatnra 
CarbcmicacH .. 
Oiganic natter.. 
Totfd micro, 

orwisma — .. 
Bdoteiia 
Honlda .. 

21 

25 

25 

28 

19 

19 

1 

fl 

80 

16 5 
26-8 

240 

120 

6 

19 

6-6 

6-2 

60 

58 

1-2 

9 1 16 

11 2-8 

10 0 

, 18 8 

J 11 0 

1 ” 1 

28 

0-0 

8-9 

128 

118 

10 

18 18 6 1 19 

6*6 1 10 1*7 1 6'1 

33 > IS 0 83 

46 1 18 0*6 SS 

48 16 0*6 16 

2*3 ' 16 1 0 1 

1 1 

14 

8- 3 

1-4 

9- 0 

8-5 

0-4 


Or, 'th.e aveisge ^u&ntity excess of outside sir) of carbonic soul, orgsjuc 

matter, ”•»<! micro-oiganisms respectively in bouses of four and more rooms as unity, 
t. h«r> in one- two-roomed bouses we bave as follows : — 


Honaes of four zooma 
and upwazda. 

Two-rocaoed honaea. 

One-roomed honaes* 

1 

0*18 

0-11 

1 

1-5 

20 

1 

1*6 

4*4 

1 

5*1 

6*7 

1 

5-1 

6-9 

1 

55 

3*0 


Cu^bio space per person . 
Carbomo aoia . . « 
Organic matter . . ^ 
Miaro-or^anismB (total) 
Bacteria .... 
Houlds ...» 


The influe/ace of cubic space per person in aleeprng-rooms is indicated in tbe 
following Table, wbicb includes all classes of housea Tbes^ ace divided into seven 
groups, according to tbe cubic sleeping-space per person. 


Cable apace per 
penon. 

N(».of 

hoiiaei. 

Tempetatnie. 

Cubonte 

Acid. 

1 

Oiganio 

matteCi 

Total micro- 

Baeterfa. 

lIooMs. 

Cable &ot. 
100- 180 

14 

55 

11*5 

16*1 

80 

78 

18 

180- 260 

18 

54 

10*7 

16*1 

49 

47 

1-6 

260- 340 

6 

53 

10 8 

11-8 

S2 

SI 

07 

340- 500 

4 

67 

9-2 

8*4 

42 

40 

21 

1 f\ 

500-1000 

6 

54 

86 

6*6 

6 

6 

0 

1000-2500 

8 

58 

6-7 

8-9 

91 

8*6 

0*7 

2500-4000 

4 

57 

7-9 

5'0 

181 

12-8 

1 

0*4 j 


It will be seen from fie above that tbe carbonic add, organic matter, and micro- 
organisms* aU diminisb in quantity as tbe cubic space per person increases from 100 
to about 1,000 cubic feet. Wben, however, tbe cubic space increases beyond 1,000 
cubic feet, the carbonic add, organic matter, and miaro-organisms show a dight, but 


• See p. 95. 
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distinct, increase. This, unless it be a mere coincidence, appears to be an ano^ous 
result ; but it may perhaps have the Mowing simple explanation :-A large bed-room 
of, say, 3,000 cubic feet has usually about the same means of ventilation as one 
of only 1,000 cubic feet. Consequently the air will be changed less frequently in 
the larger than in the smallei’ room, so that in the former portions, at least, of the air 
will be comparatively stagnant. Air vitiated by respiration will, therefore, m these 
portions at any rate, be removed more slowly than in a smaller room. If this be true, 
the results in the above Table would seem to indicate that about 1,000 cubic feet 
is the most appropriate deeping-space per person in an ordinary bed-room without 
special means of ventilation. 

In the above Table the absolute quantities of carbonic acid and organic matter are 
given, but similar results are obtained if we make allowance for the carbonic acid ^d 
organic matter in the outside air at the time. This has been done in the following 
Table : — 


Abore onifildd air. 

iro.of 

hoaBW. 

Vempezatare. 

Oarbonic 

Add. 

Oigaaio 

maliter. 

Total mioro- 

QiganiBniB. 

Bacteria 

Moulds. 

OaUefeet. 
100- 180 

14 

19 

61 

56 

80 

?8 


180- 260 

18 

19 

6-9 

6-5 

49 

47 


260- 340 

6 

19 

5*8 

19 

32 

31 


340- 500 

4 

18 

5-2 

1-9 

42 

40 


500-1000 

6 

13 

4-2 

29 

6 

6 

0 

1000-2500 

8 

18 

2-6 

1-5 

9-1 

8 5 

0‘C 

2500-4000 

4 

16 

28 

88 

13-1 

12-8 

04 


Compcmson of Mortality Statistico vnth the Composition of the Air of 

Ihadlmg-Houses. 

One of us, bdng the Medical Officer for Dundee, made arrangements for the year 
1884 with the various Begistrars of Deaths in the town, whereby, in addition to the 
information which is usually given on the registration of death, full particulars were 
also obtained of the number of rooms and persons in the house in which the death 
ooeurred, as well as of other mnu‘lB.r data. This has enabled us to make a detailed 
oomparison of the death-rates with the composition of the air in various dasses 
of dweUmg-houses. 

This^ we believe, is the frrst time such a comparison has been made, and is, in fact, 
the frxst time it has been possible, owing to the lack of necessary data. The following 
Table r^^treaants the results we have thus obtained. In constructing this Table, there 
has bean a <£ffioal1y as regards the deaths occurring in the Infirmary and Poor-houses. 
These deaths^ in the case of some diseases, materially afiect the results, and, as they 
are almost always those of people belonging to one- and two-roomed houses, we have 
added a final cotamn to the in which ibe data for the Infirmary and Poor- 
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houses are added to those for the one- and two-roomed houses together. The 
numbers in this column for those diseases which are not materially affected by 
the Infirmary and Poor-houses are placed in square brackets. 

The Table is divided into five sections, of which the first gives the chemical and 
physical data referring to the different classes of houses ; the second, the statistics of 
the death-rate ; the third, statistics as to the mean age at death ; and the fourth and 
fifth, the death-rates caused by different diseases. Those given in Section 5 are 
placed separately, because the number of deaths to which they refer is too small to 
allow of a general conclusion being drawn as to any possible connexion with the 
different classes of houses- The figures are, however, of sufficient interest in themselves 
to deserve a place in the Table, 

Again, the diseases in the fourth section, and which cause more than 50 deaths, 
are divided into three dasses, of which (A) contains those which show a complete 
parallelism with the number of rooms in the house ; and (B) those which show a 
complete parallelism only when the Infirmary and Poor-house deaths are taken into 
account ; while (C) includes those which do not exhibit any evident connexion with 
the class of house. The cubic spaces per person given in the first section are the 
means of our own observations, though it is probable that they are somewhat lower 
than they would be for the whole town. Unfoiljuitately we have no statistics as 
regards the condition of the air in 3-roomed houses. 

A consideration of the Table shows : — 

(1.) That, as we pass from 4-roomed and upwards to 3-, 2-, and l-roomed houses, not 
only does the air become more and more impure, as indicated by the increase in the 
carbonic acid and organic matter, and more especially of the micro-organisms, but 
that thei-e is a corresponding and similar increase in the death-rate, together with a 
marked lowering of the mean age at death. 

(2.) That the rapid increase in the death-rate as we pass firom 4- to l-roomed houses 
is by far the most marked in children under five ; that the death-rate among these 
young children in l-roomed houses is nearly four times as great as in 4-roomed 
houses, whereas the general death-rate is not quite twice as great ; further, that 
although there is still a marked increase in the death-rate for all above five years of 
age in the smaller houses, yet this increase is comparatively small, and is not evident 
unless the deaths in the Infirmary and Poor-houses be included in the 1- and 2-rooined 
bouses. The death-rates of persons above 70 and also above 80 years of age in the 
different classes of houses is likewise interesting and instructive. In each ot these 
cases the death-rate rapidly increases from 1- to 4-roomed houses ; showing, not that 
persons above these ages are more likely to die in 4-roomed than in l-roomed houses, 
but that there are more persons of advanced age living in the better class than in the 
l-roomed houses. 

(3.) The mean age at death in the better-dass houses is almost twice as g;reat as in 
l-roomed houses. Persons living in l-roomed houses have, therefore, the chance at 
aoJCOTiiXxxvn . — d 
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Tabia! of the Chomio.1, PtymoO. and D«a-BAto StotWios mforrtog to Dia«nt 

Classes of Houses* 


Hotiaefl. 


_ f Whole 4 . 
popnla- 


1 > and 2 - 
roomedj 
1 - Inolnding 


popnla- jpomed 8 - 2 - 1 - inolnding 

tion. roomed, roomed, roomed. Infinnary 

upward*. 

* I hAnflAH 


Totid estimated population . . . 

ATonge nninber of persons per room 
Space per person (in oabio feet) • • 
Ayerage iemperatare (° Fahr.) • • 
Oaibonic acid (yola. par 10,000) . . 
Oyidiwble oiganie matter (0 re< 
lp000,000 Yols. of air) 

Tot^ mienMizgaDisina 

Bacteria 


**06110181 death-rate .»•*•••» 
Beath-iate of children under 5 years of age 
Ditto of all above 5 years of age . • • 

Ditto ef all above 20 „ „ . . . 

Ditto of all above 70 „ „ . . . 

Ditto of all above 60 „ „ . . . 


Ofallirhodied 

Of ail who died above 70 years . . 

Of all who ^ed above 20 „ . . 

Of all who died below 20 „ . . 

tOl all who died above 5 » . « 

Of all who died below 5 *„ . • 

Of bD who died between 6 and 20 years 


,thB from nnder-mentioiLed canses : — 

DiarrhoBa 

inMeasleB 

fiConvnlsiona 

Ao^dente (fading overlaying) 

Premature biith and debility daring firsfa days 
oflifii 

*'li^onio brcmahitis • • . « . . * . • 

Chounoua pneumonia * • 


IIH 



2*oinoiirB 78 

Heart (volralar) disease 180 

^thislB 869 

emboUnn of veo^ 160 

{Diphtheria and eroop ••••••.. 

L^Oldage” 


" f Snlolde 

Septiosmia (hudoding pneipenl) .... 
Soarietfbver 

S«TfP«»«V I 

n^uMferer 

' "laS^ddfew 

Tntiartfnal obetmetlon 

IMkttdiib 

AJSOieaatddiKeoioBrigl^ . . . 

^ and 


Bare diseases •••i.**.. 
, pStonSiS^ecndfL net lie nTwelfleit . 


2*7 

19 

0*9 

1*6 

8*6 

! 16*8 
i ” 

8*6 

14 7 


# TT Safl HJriwt ftr ISSit-Bdfadira^ 19 * 7 ; Lendon, 20 * 8 } Bfrminghaarn, Leeds, 24 * 2 } Idveipool, 26 * 2 | Haneheater, 
SSNt ; €llssmr* 26 * 9 . Dealh-xatastelSSi 22 ‘' 7 ; Hnglish Towns, li^- 26*7 s Oppenbagen, 21 * 4 ; Paris, 26 ' 8 ; 

HsriiSf 26 * 9 1 rianita, S 9 *& 

f 180 St death lbs aiQABjdsiidk shout 40*4 (Pam^p.dM. 

i lt yi gt^rtd^ clinwimdiedabeTagwu(faanl 874 -A)^ Psri% 47 * 2 ; Yleims, 44 'l; and Berlin, 48 * 6 . 

I Wi i ft i he jSrWy <^dtrihs ty i s e asl ea and fcpoptag^cougfc art due io seeim d a i y brondho-pnemnenia. 
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birth of living only one-half as long as those in hetter-dass houses, or they die nearly 
20 years sooner, on the average, than those of the bettra: class. This is an enormous 
difference. If we talce the mean age of those who died above 20, we find that a 
niTnilw-r lowering of the mean age at d^th likewise occurs in the worse class of houses, 
though not nearly to such a marked d^*ee. It is, in feet, only the strong ones who 
have survived in the 1- and 2-roomed houses, the weaker ones having been mostly cut 
off* before they reach the age of 5 years. The higher mean age at death of those 
who died above 20 years of age in 1-roomed houses, though possibly due partly to 
the fact that a larger proportion of the people living in 1-roomed houses are employed 
in outside labour during the day than is the case with the other classes, is, doubtless, 
chiefly due to a process of natural selection, whereby the weaker ones have been 
taken off earlier in life, so that those who are left are much more able to combat 
circumstances unfavourable to life than are those in 2- and 3-roomed houses, and who 
have not undergone this natural selection to nearly such a great extent.* The Table 
fllun shows that in hetter-dass houses persons above 70 are likely to live about a year 
longer than those above 70 years of age in 1- and 2-roomed houses, although the latter 
are to a much greater extent a “ survival of the fittest.” 

(4.) As regards deaths ftom particular causes, those from phtldsis require special 

notice. 

As is well known, and as other statistics have conclusivdy proved, the prevalence 
of ptithiaia is very largely affected by the state of purity of the air. It might have 
been expected, therefore, that the death-rate firom phthisis especially would show a 
rnnrlrftd with differences in the condition of the air, and, consequently, in the 


* KOsosi (Bee ‘ Amiales d'Hygitae Pabliqae,’ vol. 14, 1885, p. 671) finds that for the years 1874-1881 
in Bnda-Pesth the mean age at death was : — 

Of all who died 

Below 5 years of age. Above 5 years of ago. 

Among the rich 1‘8 years 62*0 years 

„ middle dass . . 1‘2 „ 46'1 „ 

„ poor I’O „ 41'6 „ 

Or, arronged according to the class of honses, as follows 

Of all who died above 5 years of age. 

Beat dass of houses ..... 44*2 years 

Middle „ „ 42-2 „ 

Wbisi „ n (cellars) . . . 89*9 „ 


t See Pabkes’ ‘Hygiene,* 6th edition, page 138 d mj., also page 106, in which a large nnmbefr of 
&otB axe adduced, of which, the ibllowing may serve as examples 

Two Austrian prisons, in which the diet and mode of life were, it is believed, essentially the same, 
offer the following contrast s— In the prison of Leopoldstadt, at Vienna, wbidh was very badly ventflated, 
the death-rate in 1884-1847 -Was 86 per 1,000, and of these no leas than 51*4 died feom phthisis. 

In the wdl-ventilated Honse of Oonreotion in the same city, the dealh-ratB (1860-1854) was only 
14 ]ter 1,000, and of these 7*9 died of phthisis. 

L 2 
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dass of house. This, however, is not so aocordmg to the Table, for the death-rate 
from phthisis is much the highest in 3-roomed houses, and then diminishes to 
1 -roomed houses, in which it becomes almost as low as in better-class houses. When 
the deaths from phthisis in the Poor-houses and Infirmary are set down against those 
living in 1- and 2-roomed houses, this class has stiH a lower death-rate from phtliisis 
than tliose living in 3-roomed houses. On consideration, the explanation of this 
appears to be quite simple. Deaths from phthisis do not usually occur much under 
20 years of age, tubercular disease under that age usually taking other forms. Now 
those living in l-roomed houses, and who would be most liable to be attacked by 
phthisis, have been already killed off at a much earlier age by diarrhoea, acute bron- 
chitis, broncho-pneumonia, tubercular meningitis, etc. ; hence the smaller death-rate 
from phthisis in 1- and 2-roomed housea In fact, the diseases just mentioned may be 
almost considered as the complement of phthisis, so that as the one increases the total 
of the others diminishes, but less rapidly ; their sumj therefore, still shows a marked 
increase from 4- to l-roomed houses. 



Kanibor of rooms. 


i and upwards. 

8 

2 

1 

Death-rate per 10,000 from ; — 





Diarrhoea, aofate bronchitis, broncho- 1 

19-6 

27-C 

89-7 

59'8 

pnenimonia, and mexungitia . . j 
Phthisis 

13-0 

27-6 

24-4 

14-6 

Total from all the above oans^ . 

82-6 

55-2 

641 

74-4 


Were only the oases of diarrhoea occurring during childhood included in the first 
category, the above figures would become still more striking. 

(5.) The conmdeiable increase in acute bronchitis, broncho-pneumonia, etc., as we 
pass from 4- to l-roomed houses, fully confirms, though in a different way, previous 
observations as to the effect of impure eur in promoting pulmonary diseases. A very 
conclusive example of this is given in the report by Deputy Surg.-General Simpson 
(and quoted in Pabkes’ ‘ Hygiene,’ 6th edit., p. 135) on the health of the South 
A^bunstaii fiel^force during the time they wintered at Candahar in 1880-81. 

(6.) Of those diseases which are usually oonsideired infeotions, measles, hooping- 
ooug^, and diphdieria (indiading croup) are the only ones for which there are sufficient 
deaths to allow a oonoluaiQn to be drawn. Of these, the mortality from measles and 
hoopng-oough, hut eepecdally t^ former, shows a very distinct connexion with the 
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class of Kotise. Contrary to expectation, the mortality from diphtheria and croup 
does not show any connexion with the class of house.* 

(7.) It is seen that deaths certified as being due to "old age” do not run parallel 
with the different classes of houses, though one would have expected that they would 
have done so, and that the numbers would have diminished from 4- to l-roomed 
houses. " Old age’’ is a somewhat indefinite term as a cause of death, and would be 
materially affected by the mode in which the doctors filled in the certificates ; so that 
it does not form a safe indication of the number of people of ad^^ced age living in the 
various classes of houses. A rdlable indication of this, however, is fumiahed by the 
death-rate of pCTSons who die above 70 or above 80 years in the different classes of 
houses ; and, as already remarked above, this shows a complete parallelism, and proves 
conclusively that there is a much larger proportion of old people livmg in the better 
than in the w^oise daas of houses. 

The effects of impurity in air on the death-rates from different diseases are more 
particularly discussed below (page 105). 

Thtc Am OP ScHOOLs.t 

Tt> the course of our investigations we have examined the following schools and 
other educational institutions in Dundee : — 

(a.) Siixieen ordinary Boat'd schools (all the schools under the Dundee Board). — 
Two rooms were examined in each schooL Some of the schools were heated by fires 
and others by hot pipes. They were all ventilated by the ordinary means usually 
adopted in such buildings, viz., fires, ventilators in the roof, and open windows. The 
great majority of the latter opened by means of hinged panes, opening obliquely so as 
to direct the entering current upwards. 

(b.) The Harris Academy. — ^This school is also under the Board, but is of a higher 
grade than the ordinary Board schools, and the children are of a higher dasa 
Fifteen rooms were examined in this school on various occasions and under different 
conditions. Of those examined, twdve rooms were mechamcally and three naturally 
ventilated. 

(c.) A half-time school belonging to one of the large mills in the town.— The two 
rooms (one for girls and the other for boys) woto frequently examined under different 
OQTi ditioits- The children in this school are employed half the day in the mill, and are 
• at school the other half. This school was ventilated mechanically. 

(d.) Two denotniiwttional stdutols. — Two rooms in each ; these were naturally venti- 
lated and heated by fires. 

• TTSuBbt (loe. fiif.) has showa tliat the «iorta3ity from infectious ctiseases general^ increases with the 
aenmiy of the population, and that Hub is most marked in the ease of boo^ng-otnigh and meades, bnt is 
not evident with soarlet favar and diphtheria. (Of. hdow, p. 107.) 
t See also Supplementary Note. p. 111. * 
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(e.) One pnvnte school (^irh). — ^Three rooms examined. Heated by fires and venti- 
lated naturally. 

(f.) The Dundee High /SfcAooZ.— Six rooms examined. Yentilated mecbanicaHy. 

(g.) The two Lecture-rooms and large general lahoratoi'y of the Chemical Department, 
University College. — These "were frequmitly examined under various conditions. 
Ventilated mechanically. 

We have thus examined no less than sixty-eight different schools and college class- 
rooms, and some of th6^ many times, under different conditions as regards ventilation. 

Of these forty-two were ventilated in the ordinary way by fireplaces, windows, &c. 
(natural ventilation), twenty-six were ventilated by &>t)s which blew air into the 
rooms (mechanical ventilation). 

The comparatively large number of schools in Dundee which are ventilated 
mechanically make it a very good field for testing the relative efficiency of natural and 
mechanical ventilation. The large number of data we have thus been able to obtain 
in schools ventilated on the two systems will, we think, be of considerable interest, not 
only to educationalists, but to all who have to do with the ventilation of public 
buildings. 

The method adopted in all those rooms which are mechanically ventilated* is to 
blow air by fans over hot pipes, and thence into the several rooms by broad, shallow, 
upright shafts, opening at a height of five feet fi:om the floor. The vitiated air is 
taken off by shafts which open two feet from the floor and carry the air up into a 
chamber in the roof. Thence it is discharged through louvre-boarded ventilators, 
fitted inside with valves, which prevent any possibility of back draughts. As a rule 
there is an outlet shaft at each end of the room, and one or more inlet shafts on eaoh 
side. The air on entering the room thus passes wholly or partially towards the 
ceiling, and must thence pass downwards to find an exit by the upcast shafts, which 
open n ea r the floor. The current is intended to sweep the whole room in this way, 
while the broad and shallow inlet shafts, through which a large volume of air enters 
at a low velocity, ensure a good distribution of air with as little draught as possible. 

All the Enhools were examined during the winter months, between December 3 6, 
1885, and April 28, 1886- They w«i‘e visited without previous warning, except in one 
or two where spedaJ experiments were to be made, such as having the ventilating 
&ns stopped, Ac. We obse^ed the state of the windows before entering ; and the 
masters were always good enoxgh to keep them in the same condition during our 
observations as that in which we found them. Hence, if any windows were open on 
our arrival they remained so, or if shut they remained shut, our object being to have 
everything under the usual conditions so &r as possible. The samples were collected 
as ue**’’* the centre c£ the room as possible The results are stated in the following 
Table 


* l^alltiiAelir.'Wii.CknntixoautiOf Dnndae, iraaiilie engiiieer. 
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Schools. 


Per cent of windows open 
Ko. present, including staff 
Spice per person . . . 
I&mperatare Fahr.) . . 
Carbonic aiid ... 
Organic matter . . . 
QVjtol micro-oigamBmB ■ — 

Bacteria 

hloolds . . . 


Or abofTB outside air : — 
Temperature C Pahr.) 
Oarbonk add . . . 
Organic matter . . 


Naturally ventilated. 


M^e^hanically ventilated. 


, No of 

1 caaes. 

1 

Lowest. 

Highest. 

1 

Average J Average. 

1 

LowesL 

Highest 

No. of 
easeB. 

1 




3 




39 

' ST 

191 

02 ' 

64 

20 

170 

20 

39 , 

58 

427 

168 

164 

119 

228 

20 

85 

a ’ 

‘ 66 

65*6 1 

62 

68 

69 

18 

89 

79 ; 

87*8 

18*6 

12*8 

70 

19 6 , 

20 

88 

5-0 . 

40 8 

16-8 , 

10*1 

84 

19*0 

20 

85 

8 

600 

U»* 1 

ie-68* 

0 

58 

18 

28 

8 

600 

161 

16*0 

0 

56 

18 

28 

0 

4 

1 

0*68 1 

0 

2 

13 

26 

8 

84 

16*8 

1 

94c i 

22 

26 

8 

89 


348 

15*1 

8*9 , 

8*6 

161 

20 

88 

0 

81*4 

7*8 

1*1 

0 

53 

20 


Or, if -w^e take as units the average cubic space, the average excess over outside air 
of temperature, of carbonio add, and of organic matter, and the average micro- 
o^anisms, in mechanically ventilated schools, the comparative results for naturally 
ventilated schools may be expressed as in the following Table : — 


I HochaidcaQf veniilAtcd. t Natunlly vontilfttcd. 

. ■ — ■ ■ 1 


CnBie space per person . . . . . . 
Temperatnre in excess of ootside air . 
Carbonic acid ,, 

Organic matter „ „ 

' A[icro.organiaia8 „ „ 

Bacteria „ » 

Moulds „ «, 


1 

1 

1 

1 

1 

1 

1 


1-0 

0-66 

1- 7 
7*0 
9-2 
9-4 

2 - 0 


I 


I 


The above Table shows that with mechanical ventilation, the space per person being 
the same :^(1) The carbonic acid was three-fifths, the organic matter one-seventh, 
and the micro-organisms (see pp. 96, 97—98) less than one-ninth of what they vreve 
in schools ventibted by ordin^ methods. (2) That, notwithstanding this very gi-eat 
improvement in the purity of the air, the temperature is very considerably lugher in 
the mechanically ventilated schools. 

To produce such improvement in purity by the ordinary methods of opening 
windows, &c., would hare reduced the temperature to a very uncomfortable and ^ 
dangerous degree. The improvement is also obtained with comparatively little 

* The iTfffAinwna betwcen these two classes of schools is shown still more distinotlf hf the 

fact that of the medianiodlj Teniilated eohools only two contained more than 26 nnao-organiains per 
litre, whereas of the natarally vaitilated schools only three contained less than 26 per Kbe. 
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perceptible draught. When a draught is perceptible it is a warm, and not a cold 
di-aught, as is the case with ventilation by an open window. 

Mechanical ventilation does not merely reduce the number of micro-organisms 
during the time it is in action, but has, as wiH be shownbelow (p. 97), a inarked 
effect after it has been stopped and replaced by natural ventilation, this effect 

extending over a period of many days at least. 

Further, mechanical ventilation, as shown by Professors Bbasibb and Nivbn, 
of Aberdeen TJnivei’sity (see below), keeps the compomtion of the air more or less 
constant at different points in a room, whereas with natural ventilation it is liable to 
be much more impure at one part than, another. 

We have not included in the above Table the Dundee High School nor the only 
private school we have examined, as in these two cases the cubic space per person was 
about three times as great as in the other schools. The results for these two schools 
were as follows. It will he seen that practically they confirm the conclusions drawn 
fi.'om the results in other schools, though the effects of mechanical ventilation are not 
nearly so marked. The reasons for this will appear subsequently (page 98), 



Private school, 

(GHrls.) 

Natmaily ventilated. 

Dundee High SehooL 
(Boys and giila) 

Meohapioidly ventilated. 


Ko,of 

rooms 

examined. 

Lowest. 

Highest. 

Avenge. 

Aveiage. 

Lowest 

Highest. 

Ko. of 
rooms 
examined. 

ISTsmber present . . . 
Space per persouL . • . 

^ FWhr«) . 
Oarbonio add . . . • 
Organlo nutter . . . . 
T(£d XDlQEO-oxgsniams . 
Baetezia. • , . » 
Moidds ..... 

1 » 
i 

1 

1 • 

6 

820 

56 

10*7 

62 

4 

4 

0 

11 

528 

57 

18-8 

11-8 

15 

15 

1 

9 

457 

57 

11-9 

8- 9 

08 

9- 0 
0-8 

36 

588 

67 

18-0 

8-9* 

8-6 

2-9 

0-7 

18 

820 

51-5 

8-5 

‘ 1-7 

1 i 

1 

64 

1102 

60 5 
16-4 
5-6 

11 

10 

8 

6 

6 

6 

6 

6 

7 

7 

7 


Last year Professors BsAzam and Nivent made a report to the Aherdeon School 
Board on the ventilation of schools in that town. From this report it appears that 
they examined (the carbonic add only being determined) four different schools venti- 
late in the cudinary manner, and two schools ventilated mechanically by ftins. From 
their detailed results we have calculated that the average temperature and carbonic 
add in excess of the outside air were as follows : — 


*A detegronatfon of the orgaoio matter in. the outside air was not made when the High School was 
ezaminadi bail as the outside oigasiio matter on the day we visited the ptivate school amoonted to 
only the private aebool m'oat have been coimldeTshly in excess oi the High Sohool, even aUowing 
Bothsfig for iho outside air when the htter school was exazniaed. 
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Batio. 1 

1 1 

1 

1 

Or 

■ t 

Temperature. Carbonic add. j 

1 . , 1 
I^eGhamcallv ventilated . . lb 11*0 j 

j Iffatopally ventflated ... 146 170 

10 10 

00 1C 


It will be seen that, though the average excess of carbonic acid found by them was 
somewhat higher than what we have found from the examination of a much larger 
number of schools, yet the ratio is practically the same (1 to 1*6 instead of I to 1 t). 
Tiilfft us, they found the excess of temperature over outside air greater in the mechani- 
cally than in the naturally ventilated schools, though the difference is not so marked 
in their observations as in ours. They conclude that mechanically ventilated schools 
“compare very fevourably with those on the other system.” We, however, would 
speak much more strongly than this in &.vour of mechan i c a l ventilation, tince it not 
only considerably reduces the carbonic acid, but effects a very much greater reduction 
of those impurities which are undoubtedly far more injurious to health than the usual 
excess of carbonic acid. It does this also without producing the very objectionable 
fell in temperature necessarily associated with effective natural ventilation. We 
entirely agree with Professons Braztkr and Nmcr in believing that the system of 
ventilating ly open windows is, for winter, at least, very objectionable. The severe 
draughts thus produced are possibly a worse evil than defective ventilation. 

It is true that Tnftfiha.Tiifia.1 ventilation is apparently more costly ; but it remains to 
be proved that it really is so. As our results show, the cubic space per child would 
not require to be nearly so great, in order to maintain a given standard of purity, on 
the meobanical as on the “ natural ” system. Hence the cost of building would be 
leas. The cost of heating would also be reduced, on account of the smaller space to 
be heated. The reduction in space could mc«t advantageously be made in the height 
of the rooms. 

The chief difficulty in connexion with mechanical ventilation is to maintain a 
proper distribution of the air, and consequently of the heat, in sevmul rooms within 
the building. With proper care, however, there is no i-eason why this should 
not be accomplished. 

The all-important argument for mechanical ventilation is that it maintains a certain 
standard of purity, and, unless some simpler method which will maintain a aamilar 
standard be devised, its adoption in crowded schools seems to be very much 
required. 

When we come to consider that the children who attend average Board schools for 
six hours a day are during that time subjected to an atmosphere containing on an 
average nearly 19 volumes of carbonic acid per 10,000, and a very large ^propor- 
tion of organic matter, and no less than 155 micro-organisms at least per litre, we 

ICDOCCLXXXVn. — B. M 



82 PEOF. T. OAENELLET, ME J. S. HALDANE, AND DB A. M. ANDBBSON 

need not be surprised at the unhealthy appearance of veiy many of these chddren. 
It must also he borne in mind that many of them are exposed for nme hours more to 
an atmosphere which, as we have shown above, is about five times as impure as that 
of an ordinaty bed-room in a middle-class house. They are thus breathing for at lea^ 
fifteen hours out of the twenty-four a highly impure atmosphere. The effects of thm 
are often intensified, as is well known, by insufl&oient food and clothing, both of which 
must render them less capable of resisting the impure air. The fact that these sohook 
become, as will be shown below, after a time habitually infected by bacteria readers it 
probable that they also become pennanent foci of infection for various diseases, and 
particularly perhaps for tubercular disease in its various forms. From the oonsidera- 
tions advanced later on (page 106), it wffl be seen bow an ordinary simple cold, 
brought on say by a draught, may become a source of great danger to a child attending 
such a school 

The ovbia 9pac6 per person in schools, unlike that in houses, shows no definite con- 
nexion (as will be seen below) with the purity of the air, except as rep^ the 
number of micro-organisms. In mechanically ventilated schools these diminish in a 
loarked manner with increase of cubic space. In naturally ventilated schools, on the 
other the number of mioro-oiganisms was found to increase as the cubic space 
increases &om 50 to 250 cubic feet, after whidi it diminished (of. pp. 98, 94, 95). 




HatDially raitilafced. 


Hebhanioally YontilEted. 


CnMcipace per pei0(m 

Ho of 
cases 

Oeffbonic 

Acid. 

Organic 

matter 

Total 

micro- 

Ho of 
oaaes 

Carbonic 

Acad, 

Oigsmic 

matter 

Total 

micro- 

oiganisma 

£0-100 

i 6 

21-S 

16*2 

119 





100-180 

14 

15*5 


128 

7 

140 

7*8 

23 

lS0-»)0 


18-9 

128 

150 

8 

11*4 

96 

14 

aoo-s6o 


21*1 

16*8 

188 

6 

11*8 

123 

10 

250-300 


17*1 

95 

187 

• • 

4 • 

« 

• 

300 and npvaids 

4 

15*1 

11*8 

12 

6 

130 

3*7 

2 


Boy^ and GirU School^romns. — ^The difference between boys’ and girls’ rooms is most 
Tn arlrAd- Out of fifteen pairs of rooms, one room of each pair being occupied by boys 
and the other by girls, and under (drcumstancea* as nearly as possible the same, no less 
fourteen gave a much lower result in &vour of the girls as regards micro- 
QE^^uusms, whilst the only exception against the gbrls was a room in one of the 
dtfn ftwrnKtannal schools. This room was lighted only 1:y two dcylights, though in 

a Snell ea deas of ehOdns, moBa of TentiBiuig, oaliiQ space, time of espeonmcoi:^ aaB, intii but 
ifao eoBqrtion, m lAd smoS IWflBtyt fn tiole axoqptioa tite two sobcxA were fa ot n me rio n 'intii one 
anotiwr. 
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otber respects similar to the hoys’ room, which was lighted by windows (open) and 
had only half as mnch space per person as the g^k’ room. 

In ten pairs which could he compared for carbonic acid eight were very largely in 
&vour of the girls, whilst in one of the two exceptions the girls were only very slightly 
in excess of the hoys. As regards the oxidisahle organic matter, there were, out of 
nine pairs which could be compared, six laigely in hvour of the girh, whilst of the 
three exceptions two were only slightly in excess of the boy& With two exceptions, 
out of ten pairs of rooms compared, the temperature with the girls was always lower 
than with the boys. 

The average results are given in the following Table : — 


1 

f 

Spfteeper 

1 peiwiL 

1 

Tempent- 

t&rs. 

CFahr.) 

Carbonio Oiginie 

matter. 

\ 

MknMnrgulfBini ^ 

1 

Total BoctetU Uonlds 

1 

1 ISTo, of room*? compared . ^ 30 20 

20 16 j 30 30 

80 

1 Boys 275 

j Girls 382* 

60 1 15-0 7-9 

58 1 12-3 6 7 

1 

92 90 , 2 

66 64 1 

1 1 


It is thus seen that boys tend to mate the air of a room more impure than girls do, 
that consec[uently they require a more efficient ventilatimi in order to maintain 
a given standard of purity in the air of their zooms. The reas on s for this are not far 
to seek, and may he stated as follows (1) The hoys are more restless, and so raise 
more dust, which necessarily contains micro-oigamsms (see helow). For the same 
reason they evolve more carbonic add, and probably organic matter. (2) The girls 
are, as a irule, cleaner, and this has a marked effect (as will be shown helow) in dimi- 
nishing the number of micro-organisms. (8) Boys usually come to school after more 

violent exercise than ^rls, which results in the production of more csrlionic add, and 
probably of organic matter (see below). (4) From dif^rences in cons j^tion, more or 
1^ apart from the above reasons, hoys evolve more carbonic acid, and perhaps 
of organic matter (see Parkis’ ‘Hygiene,’ 6th edn., p. 114). Or, to sum up some of 
the above reasons, and put them from a dightly different point of view, boys eat more 
than girls. 


The Am ob Mms akd Factokces. 

"We have only examined four of these, sampileB having been taken from two rooms 
in Ah the results obtained differ very widdy in the several oase^ we are not 

♦ IJuetmlMBpeoem&vovrof £IiegbelBi8 caused iy fiifl space per penanin ana c£ ilie zooms Iwng 
very tmioli hzgez ibaoi in any other. 

u 2 
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ftbls to drs-w sny voiy dofioito coDcIu£ioiis in rospcct to thom. Sucli results, however, 
as we have obtained are expressed in the following Table. AH the works examin ed 
were engaged in the manufacture of jute and tow, this being the staple trade of 
Dundee. The visits were all made without previous intimation as to the time of our 
visit. 



UTo of rooms 
exanunad 

Lowest 

Highest 

Average 

1 

1 Ko of persons pieseut 

8 

6 

500 

157 

Space per perbon 

8 

598 

5485 

1773 

Tempeiatae ("I'ahr) 

6 

45 

58 

53 

1 Cartemo acid 

8 

4 8 

23 2 

13 3 

Organic matter . 

8 

58 

861 

174 

Total nucTCKngaansms 

6 

4 

600 

160 

Bactena 

6 

4 

586 

114 

Honlds 

6 

0 

600 

125 


A room in one of the mills gave a total of (at least) 260 micro-organisms per litre, 
of which 12 were bacteria and 248 were moulds. The moulds in this ease grew very 
rapidly, and finally filled and choked up the tube. They had a very beautiful and 
delicate appearance, like Hosted glass, and with a woolly textime. Being much struck 
with the ^axaeter of this growth, and not having obtained anything simil ar in any 
other case, we made a second examination of the room five weeks after the first visit. 
The result was the same as before, except that the moulds grew even more rapidly 
and luxuriantly. This time they amounted to at least 586 per litre. The predomi- 
nating species of mould appeared to be exactly the same as in the first case, and 
it rapidly overgrew any other moulds or bacteria which appeared in the tube. One of 
the tubes containing these moulds is represented in Plate 6 (fig. 1). 

'^Vhat the cause was of the prevalence of this mould in the room we could not 
discover at the fame. We subsequently learned, however, that about eight months 
previous to our visit the owners of the mill had purchased, and subsequently manu- 
fitetured, a considerable quantity of loose re-dried jute which had been saved from a 
stranded vessel This may possibly have been the original source of the moulds 
which had come to prevail in the mill. 

Dundee Boval Ineibhabt. 

We also made an examination of four different wards in the Infirmary. One seri^ 
of obserwrioDS was made in the afternoon between 4.S0 tm . and 5.5 F.H., and the other 
m the eaady moming of the following day between 2.40 A.H and 5.S0 a.h. Previous 
mthuaiicm had, of course, to be given in this case. The wards are heated by hot 
pi^ and fbrea^ and vaxialated on the natural system. All the windows (about ten) 
in each of wards were (^pen about one inch at the time of our visit, Thelnfiimary 
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is situated in a large open space on a hill at the back and on the north side of the 
town. The results w&re as follows : — 
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1 1 ill dumnm top of wliidi vara oa 

41 » ^ M «♦ ...{.« 1 InfimuuT* 

1 { 1 mg out Idaefc smoke m large 

t ' L qaantity. 

1 63 i 18 1388 7 8 8-1 , 28 26 , 2 Ereth ; sawedy any imdl. 

« ' U 2183 41 *T I 0 0 0 

1 1 ' 


If the ventilation was in its normal condition, the ahove results indicate a very 
satisfactory state of things as regards the air of the Infirmary wards. 

Saving now described the rasults obtained in the various classes of b uilding s, the 
air of which was examined, we must now turn to certain special points of general 
interest. 

JlelcUion of Quantity of Carlonic Acid to Quantity of Organic Matter and -YamSer 

of Micro-organisms, 

No constant relation between the quantities of carbonic acid, organic matter, and 
micro-organisms can be detected in individual cases (see Pabkbs, p. 147; aJro 
De CJhatoont, ‘ Roy. Soc. Proc.,’ voL 23, p. 188). Sometimes we find a high organic 
matter accompanied by a low carbonic add, whilst nnder other circumstances the 
reverse may be the case. A determination of carboruo add alone is therefore never 
a suffident indication of the purity or otherwise of a given sample of air. Nevertheless, 
by taking the average of a considerable number of observations, we find that there is 
a general relationship, so that a high carbonic add is, as a rule, accompanied by a high 
organic matter, and vice versd, though this is by no means always the case. There 
appears, however, to be no deSnite connexion between the number of micro-organisms 
ftTiil the amount of carbonic add (see page 93). 

• The mddenincwaaemoxiaiBaHeorgajiio matter at 

chinmew at. yMcb. were on » levd mth flie Infinnwy, and !atg^ 

of black amoke were being tutned into the air. 
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These oondusions \idll be seen to follow from the accompanying Tables : — 


Oarbomo 

aoid 

Organic 

matter. 

Total micro 
organiamB 

Ko of 
casea 

Mean 

Mean. 

Mean. 


27 

66 

19 

56 

49 

61 

35 

27 

73 

104 

29 7 

25 

89 

95 

836 

26 

111 

114 

79 6 

29 

133 

118 

36 3 

27 

17 0 

180 

1370 

81 

229 

13 6 

820 

12 

871 

19 8 

630 

9 

48 

16 

63 

21 

68 

42 

101 

52 

97 

72 

841 

58 

10 7 

97 

29 2 

24 

11-9 

12 6 

88 3 

31 

16 0 

164 

671 

17 

18 6 

19 8 

145 0 

17 

18 8 

29 7 

870 

15 


With 4 TolTuneB Oaibonio acid* 
4- 6 
6 - 8 


19 

» 

H 

SI 

SS 

IS 


8-10 
10-12 
12-15 
16-20 
20-30 
SO and ahove 


IS 

»> 


IS 

»l 

s» 

99 


With 0-2 8 TolnmeB of Oxygen required for oi^anio matter 
„ 28- 66 

,, 66 — 84 „ „ 

„ 84-112 
,,112-140 
,,140-168 
,,168-224 
„ 22 4 and ahore 


99 

91 

99 

99 


99 

99 

>9 


99 

99 

99 


In the first, the other constituents are compared with the carbonic add as standard ; 
in the second, TOth the organic matter as standard. 


CmOUMBlANOBS AEffEOUNG TEDS ORGANIC MaTTEB IN AlE. 

The most important circumstances which suggest themselves as likely to affect 
the amount of oxidisable organic matter in air are the following : — (1) Combustion 
of coal, (2) ditto of coal gas and of oil, (3) rei^iration, (4) dust, (6) physical exerdse, 
(6) deanliness. 

1. Com&usftoft of Co(d. — A. dose connexion is traced between the amount of organic 
matter present in air and the combustion of coaL This point has heen investigated 
by one of us in oot^uncdon with Mr, Wm. Macbctb! (‘ Boy Soo. Piroc ,’ voL 41, p. 238), 
and as a result of that investigation it was foimd that in town the organic matter was 
lowest during the night, rather higher in the morning (5 am. to 10 a.m:), oon- 
ddeiahly hi^er in the middle of the day (10 a.m to 3 R.M.), and higher still towards 
evening (3 P.M: to 8 P.H.), afrer which it decieased. It is generally rather high in the 
early ntcming (5 AM. to 7 A.M.), when fires are being lit, and the black smoke of 
incomplete combusidon discharged from the chimneys (compare pp. 65-69 ; also 
Paecbs, p. 117). 

In tnm yninmg idxe air of a room for organic matter, it is therefore necessary also to 
deteinnine the oondiidoa of the outdde air at the same idme. 

2. Cbm^iiation of Coal Qas does not appreciably increase the quantity of organic 


* OobapaiiB FiSsiB, edifc,p. 116. 
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matter in air, whereas a burning oil lamp has a veiy marked effect in this respect (see 
CAnsELLinr and Haokie, loc. dt.). 

3. JRespiration . — Casselley and Macktb (loc. cit.) have also shown that the 
quantity of organic matter in the air of a room becomes greater as the period of 
vitiation by respiration increases. In this connexion we have made a set of experiments 
with the olgeet of determining the amount of orgamc matter in undiluted expired breath, 
"For pmrpose the observer inspired the air of the room through his nose, and 
expired through the mouth into a closed bottle of about 3^ Ktres capacity, and provided 
with a small outlet tube for the escape of the excess of expired air. This bottle was 
maintained at a temperature of about 45® 0. by imme rsion in warm water, in order to 
prevent condensation of moisture from the breath. When the bottle was foil of 
expired tur, for which 50 expirations were considered sufS.cient, the temperature of the 
enclosed air was observed, the inlet and outlet tubes closed, and the bottle removed 
from the bath and allowed to cool down to the temperature of the room, when the 
inlet tube was opened and air allowed to enter to fill the partial vacuum. The 
temperature of the enclosed air was again observed, and the amoimt of organic matter 
determined in the usual way. A determination of the organic matter in the air of 
the room was likewise made at the same time. The proportion of expired and 
unrespired air of the room in the bottle could be found by calculation. Then, by 
from the total organio matter that present in the known proportion of 
unrespired air, the difference gave the amount of organic matter in undiluted breath. 
Care was taken to breathe as nearly as posmble in a natural manner. The results 
obtained were as follows : — 



01»er?er A* 



ObBetTsrB. 


Total in 

In air j 

Excess in 

Totdin { 

In air 

Excen in 

expired air. 

of room. ' 

expired air. 

expired air. ^ 

of room 

expired air* 

3-3 

1*6 

1-7 

6-8 

3*0 

3*5 

12-4 

3-2 

92 

i 12-2 1 

1-6 

10*6 

5-8 

1-6 

4-2 

1 lS-8 

4-7 

8-6 ' 

11-8 

2-2 

9-6 

1 13*1. 

1*9 

11*2 1 

16-6 

1 2-0 

18-6 


2-3 

7*8 , 

Ayerage per litre 

— ^ 

7-6 

1 

Average per litre 

8-3 1 

1 ! 


The above determinations were mostly made on dififerent days. Accmrding to these 
experiments the amount of oxidisaHe organic matter in breath is by no means 
constant, hut varies from time to tunei, nor is lOie quantity so great as one ^ht have 
expected. It is possible, however, that the organic matter in freshly expired bre^h 
is not in a condition to readily reduce permanganate, but aftetr exposure for some time 
m the air it may undergo such a change as will render it more readity oxiduBbla 
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4. Effect of Dust and of the Stagnation of tU Air.— An atmosphere wluoh has been 
eatiielj at rest for some time contains less organic matter than it did previously.^ This, 
however, is not necessarily due altogether to the settling down of solid organic dust 
(though dust materially afiFects the determinations), hut is probably owmg in part to 
oxidation. The afifect of stagnation, and thence of settling, and possibly of partial 
oxidation, was shown by the following results : — 



Oigsuio xDAtter. 

Second experimfint 

Air of dark cellar wHoh liad been kept closed 

for some time 

Oniside air at same time 

9*4 

18 2 


Aiivtiglit room after being weiU ventilated mtb 
outside air and then closed for three dajs • 
Outside air on third day 

49 

9-5 


Same room afiier ventilation with ontside air 
X)iti;o, after being closed for two days , . | 
Ditto, after ventilation with ontside air . . 

8-2 

Too small to 
esiiimate 

17 

1-7 

Too small to 
estimate. 

Ditto 

Same room after hve persons had been in the 
room for if.houT wi& the door dosed . • 
Ditto, after the room had been closed f (nr two 

days ^ 

Organic matter in outside air at end of period 

82 

17 

1-7 



A pitnilftT efiSecb is also shown in the case of the large sewer under the Souses of 
Parliament. This sewer forms a cul-de-sao at the end by the Victoria Tower, whence 
it runs the whole length of the building to the Clock Tower, where it joins the 
Metn^olltan sewer. Before the recent alterations, this sewer was ventilated by 
suction, cau sed by a furnace at the bottom of the dock Tower. Practically, therefore, 
Idris saotion was pulling against what tended to become a vaoumn ; the effect hemg 
idiough there was a good draught by the dock Tower, the strength of the adr- 
current gradually diminished as the blind end of the sewer was approached, so that 
near the Yictoxia Tower end no drau^t was perceptible. Here the air remained 
stagnant. Suspended organic matter would thus settle down, and in consequence of 
ihda and of oaddation there would be an iuczease in carbonic add, accompanied by a 
dkozootian in the organic matter, as we pass firozn the dock Tower end to the Victoria 
Tower end of the sewer. This is shown as fellows ; — 
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1 

Firtt detenninatiojL 

Secoud deteminatioiu i 

1 

! 

t 

Carbonic arid. 

1 Organic natter. | 

G^LonSt' arid 

i 

Organic matter. , 

In the sejwer hy the Clock Tower end • . | 

7.3 

129 

52 

11-8 ! 

Ditto, midway between the Clock and 
Victoria Towers 

8-2 

13 0 

7-0 

95 j 

Ditto, by the Victoria Tow er 

85 

1 94 

S*5 

9-4 ' 


The first determinations ■were made between the hours of 5 p.m. and 7.30 p.m„ and 
the second between 10.30 p.m. and 12 midnight. 

5. Effect of Physical Exercise . — ^As is well known, physical exercise causes a marked 
increase in the amount of carbonic acid exhaled in the breath.* A similar effect 
appears to be likewise produced in the quantity of organic matter. TTe were led to 
-this from the results obtained in the case of a mechanically ventilated 

“ half-time school,” attached to one of the mills in Dundee. The children in this mill 
axe divided into two lots, one of which works the first part of the day, and attends 
school the second part, the second lot alternating ■with the first. On two different 
days we made an examination of the school just before the second school began, the 
room having been first well ventilated for twenty minutes and "the carbonic acid and 
organic matter determined. The children were then admitted direct from their work 
in the mill, and the carbonic acid and organic matter again determined at the end of 
thirty minute, and again at the end of an hour. The results were as follows 


CKrU* flfcAcwl.— Begmning of hour .... 

Middle „ .... 

Dnd „ . . ■ • 

p 

First day* 

Seeond daj.f ' 

Caihonic add. Oigaiife natter. 

Carbonic ai.id. 

Organic matt^ 

30 3-8 

9-6 1 10-7 

71 6*4 

' 

5-0 

12-8 

11-4 

8-9 

6*2 

3-9 

Boy»’ School.— Beginning of hour . . . . , 4*0 5’1 

Middle So 

End ll'S 7-8 

3-9 

17*1 

15*1 

29 

4-5 

2*9 


6. Cleanliness has little or no apparent influence on the quantiij of oigamc matter 
in air. (See Table, p. 96.) • 

• OL Pabkbs’ ‘Hreiene/ P* ■"'ioro ParrsHKOrra'a statomeiafe ia quoted to the effiwt that m hard, 
■mark ainan OTolvea twice aa mnch carhonio acid as in gentle exertion, and three times aa much as 

during repose. . • . .lx— • xt 

t ThiflTwtlieaayoftliegTeaiBnow-a^^ het vixiter^wheii the <iTantrfy of organic niatterin the 

outside air iraB mucli l^elow the sverttge. 

MDOCX3ia:3CSYII. — B. 
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SOXTBOES OF jiND ClECUM&TANCBS AFFJBCTINQ THE NUMKBB OF THE MlOEO- 

OEOANISMB nr Titiated Air. 

It ha& been shown by Heusb (Zoc. cit ) that when a room is left quiet the micro- 
organisms settle out in a few boms, so that the air becomes comparatively fiee 
(c£ Tysdall’s espeiiments on sterilisation of air by subsidence). Hence it is dear 
that a certain amount of physical disturbance in a room is a condition necessary to the 
presence of micro-organisms in the air. It might naturally be suppoped t^t the 
effects of physical disturbance would tend to obscure all other factors affecting the 
number of micro-organisms present in air. It is, therefore, necessary to consider first 
what, other things being equal, are the limits of the influence of ordinary physical 
distuibances on the number of micro-organisms. 

The first observation bearing on this point waa made at the High SchooL A 
determination was fii’st made with the dass in the room under ordinary conditions. 
The boj B were then told to stamp with their feet on the floor for a short time. This 
they did with particular vigour and gusto, raising a cloud of dust which diffised itself 
through the room. A second determination was then made. The first determination 
gave 11 per litre, and the second about 150. It will be noticed that, although the 
increase is very great, the number found barely reaches the average in the natmally 
ventilated Board schools. 

Such violent disturbances as that just described are, however, altogether excep- 
tional What is of more importance is the effect of slighter distuibances, such as 
occur jfrequently. In the same school, on another day, the boys were allowed to go 
out during a determination. The number found per litre was 5, as compared with an 
average of 1*8 in five othmr rooms in which the classes were sitting. The difference 
due to the disturbance was small m compared with the differences caused by other 
factors (see below). Again, in the small Chemical Lecture-room the number was 
actually le^ (1*5 per litre) at the end of a lecture thau at the beginning (8 per litre). 
The room had o^y been dightly disturbed before the lecture. Again, in the Large 
IjQcture-room the average found on three separate occations, after an hour of, a 
crowded popular lecture, was only 4*7 per litre. All these determinations were made 
before- the audience left. 

In the case of houses of four rooms and upwards, the rooms were classified according 
as the occupant rose from bed before the determination or not. The average for the 
former dass was 12 per litres for the latter 7 per litre. Again, in a set of observations 
on a block of 2-roomed houses, we started later than usual, and found that in three of 
the rooms visited the people were already stirring. The average in these rooms was 
per htre, while in the other two the average was 90. The difference was due 
mostiy to ^ of the ftmer houses, which was cleaner than the rest, giving a lower 
number (84). , 

the above results, taken in connexion \tith what follows, wey ma condude 
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that the effects of miaor differences as regards physical disturljaiice, such a** cannot 
well be avoided in making observations in a number of rooms, are not in themselves 
sufficient to obscure the influence of other important factors, Neveitheleas we always 
endeavoured to examine each class of rooms under conditions as nearly as possible 
the same as regards physical disturbance. In examining dwelling-rooms, it was, of 
course impossible to avoid the disturbances due to our own presence in the iXTOm. 
But these disturbances must have been tolerably uniform, and we knew (see belowl 
that our own persons did not act to any appreciable extent as a source of con- 
tamination. 

Tn the cases hitherto referred to, the effects have been studied of an incrcaso of 
physical disturbance apart from the simultaneous introduction of any other factor not 
previously in operation. A new factor, previously latent, may, however, be brought 
into operation by physical disturbances, as for instance when some object specially 
likely to ^ve off bacteria is disturbed. For example, one of the observations at the 
Infirmary in the early morning was made immediately after the making of a number 
of beds in the ward. The number of micro-organisms found was 28 per litre, as 
compared with an average of 2‘8 per litre in the other wards.* It was, of course, to 


• "We may refer here to an. interesiing phenomenon observed in connexion vrith the jelly in the tabes. 
It had been fonnd that in some of the tubes crystals tended to make their appearance on the surface of 
the jelly after the tube had been nsed, and that these crystals were much more numerous and much 
smaller near the perforation in the cap. becoming fever and laiger torrards the otbw end (see Plate 6. 
fig, 4). They thus resembled in their distribution the colonies of bacteria. We might represent 
diagrammatioally their number and distribution as compared with the colonies of bacteria by a diagram 



snch as the accompanying. The inner shaded triangle represents, as regards number and distribution, 
the bacteria; the large triangle the crystals. These crystals only appeared in tubes n^e of inferior 
glass, apt to dissolve and oraok on the surface. We have not as yet determined their composition. 
Probably they were composed of phosphate of lime, and were dne to the lime dissolved from the glass 
combining with the phosphoric acid contained in the meat juice. 

Of the tubes used at the Infirmary, four showed these crystals. The crystals oonnted, nnd the 
correBponding numbers of crystals and colonies per litre were as follows 

Qrjttftli. GolonifiiL 

Ward 10 (5 14 . . 0 

„ 44 . . 0 

„ 12(8-80 . . 4 

Accident Ward (5 A.¥, after some of the beds had been 

made) 

In the two tubes first in the list, all the crystals were very larger Hke those near the cork in tte ^art tnte. 
Taking the numbers in the first three tubes together, the ratio of odonfes to crystals » 1 : 43, white the 
ratio in the last tube is 1 1 67. The ratio of crystols to oolontes thns appeared to corresp^ 

The formation of the crystals was evKtently determined by solid particles foDing on the pHy, luat as 
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be expected that a large number of bacteria would be given off from bed clothes when 
shaken.* 

In connexion with this subject some of our observations in jute mills are of interest. 
In each of three large rooms examined in different mills the air was loaded with jute 
fibres, the amount of physical disturbance being very great in each. In the air of the 
first, 4 bacteria per litre were found; in that of the second about 586 bacteria per 
litre were found, and 14 moulds; in that of the third about 12 bacteria and 248 
moulds (see pp. 83-84). The latter observation was repeated with a similar result five 
weeks later. These observations show bow small the influence of physical disturbance 
may be unless combined with other factors. 

It is evident that the micro-oi’ganisms present in the air of an inhabited room may 
conceivably come (1) from the air-passages of the persons present, or (2) from their 
clothes and akiuj or (3) may have been previously present in the room. We shall 
consider in succession these possible sources. 

1. The air-passages might possibly give off micro-organisms in the breath. As 
regards this point we made the following direct experiments. A piece of very wide 
glass tubing, A (see diagram), of about 20 centims. length, was fitted at each end with 
a cap of india-rubber sheeting similar to the cap of the tube of Hesse’s apparatus. 
Through a hole in one of the caps the end of an ordinary H!essb’s tube, B, was passed, 
BO that the part of the latter covered by its cap was completely inside the piece of 
wide tubing. Through another hole at the same end of the wide tube A there passed 
a piece of narrow glass tubing D. The cap at the other end of the wide tube was 
also perforated by a very short piece of glass tubing of medium width, E. The tube A 
having been washed thoroughly with I per cent, corrosive sublimate solution and allowed 



to dry, the cap of the tube B was cautiotufiy removed, and the apparatus arranged in 
the position desmibed. The ob^rver expired through the tube E, inspiring through his 
nose, while immediatdy afrerwards the aspirator attached to C was set in motion. The 
object of D was to allow of the free escape of the breath not sucked into B. In order 

otTBiallisaiaon of a Bnpersataiated solution of a salt is set np by dost particles dropping into tbe solution. 
Tbs fact that tbs arystBls were larger when there were few present doobtLess depended on their having 
noie jelly from wbkih to draw during tiirir foisnation. The whole phenomenon suggests a possible 
method for detennining the number and relatire rate of settling of the dost particles in given volomes of 
air. As the data giran above tend to show, tiiere is probably a rongh oorraspondenee, under simil ar 
oondii)oaa„between tihe number of solid particles suspended in air and the number of micro-organiams. 

* obserwtion gxrea one a vivid idea of the manner in which an infectious disease may spread 
tbzooghawaid. 
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to prevent condensation, A was sunrounded by a cloth wrung out of hot water. As 
the heat would have melted ordinary jelly if used for B, Agar jelly was employed 
instead. Another similar apparatus was px*epared and placed with its tube, E, dose to 
the face of the first observer. A second observer inspired through the tube D of the 
second apparatus, expiring through his nose. Unrespired air was thus drawn into 
the tube B under conditions as nearly as possible the same as with the expired air of 
the first apparatus. 

Two pairs of experiments were first made when the laboratory was quiet. Each 
pair was carried out simultaneously, equal quantities of air being taken. The restfits 
were as follows : — 

^rR^iredair 0 

IXJm'espired air .... 1 mould 

„ rRespiredair 0 

lunrespired air .... 1 mould. 


2 litres of air were aspirated in each case, the rate of aspiration being the same 
within a few seconds. 

It thus appears that micro-organisms are not given oS in the ordinary respiration 
of healthy persons — or at least not to any appreciable extent. On the contrary, 
those present in the air appear to stick to the mucous membrane of the nose, larynx, 
&c., SO that the air passages practically act as filters. In order to test this 
more thoroughly, we made another pair of observations, the lahoratoty being this time 
full of dust stirred up by vigorous sweeping, &c. TJn&rtunatdy, however, as will be 
seen fiiom the results -of experiment, the dust of this laboratory appears to 
contain very few micro-oigainisms. One litre of air was aspirated. The results were 
as foUowB : — 

Respired air 0 

TJnrespu'ed air 8 bacteria. 


These results harmonise with Professor TYNUAii’s demonstration of the optical 
purity of the last part of the air of each expiration. They are also in accordance 
with the whole of om' experiments on vitiated air. Thus, by reference back to the 
Table (p. 86), it will be seen that, while the increase of carbonic add rum paralld, on 
the whole, with the increase of organic matter, the micro-organismB first increase, and 
then with the increase of carbonic add. The latter diminution is ^ noticed 

if we take the rooms in tiie naturally ventilated Board schools, and divide them 
into three dasses, aooordmg to the amount of oarbomo amd. 


iro.ofc«MB. 


Xieio^ngfidBnia. 


Olass 1. (Cudwnie A(nd 7‘8S-1S'77). 
,, 2. ?0apboiiioA(adl6"97-20*78). 
„ 3. (Owbooio Acid 21*14-87'84). 


la 

13 

11 


ISl 

235 
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The lower number of micro-organisms with a higher amount of carbonic acid may 
probably be due to the filtration of the air through the air-passages of the scholars 

— ^not a very desirable process of purification. 

A pimilar Table for 1- and 2-roomed houses does not show this diminution, but couldr 
not have been expected to do so, considering the small amount of carbonic acid as 
compared with schools. The rooms, when divided into equal d^es, according as the 
carbonic acid was above or below a middle point, give the following results . 




Mloro-organi6m& 

One-roomed - 

1 

' Carbonic acid aTx)ve . 

76 

[ Oapbonio acid below . 

57 

Two-roomed * 

{ 

r Carbonic acid above • 

38-6 

[ Carbonic acid below . 

38-1 


Some experiments in the Chemical Lecture-rooms will be of interest in this con- 
nexion. At a popular lecture, during which the Large Lecture-room was crowded, and 
the ventilating apparatus was not in action, the carbonic acid and organic mattei' were, 
after an hour, 37'61 and 15*8 respectively (average of two determinations each). The 
micro-organisms, at the same time, were only 6 per litre. Again, in the Small Lecture- 
room (ventilation closed), just before the entry of the students (carbonic acid 5 ‘18, 
organic Twn.^;fAr 4*8), 2*5 micro-organisms per litre were found, while at the end of the 
lecture (carbonic acid 19*57, organic matter 11*2) 1*5 per litre were found. In another 
experiment in the same mom (ventilation open) 8 micro ofganisms per litre were 
found at the beginning (carbonic acid 8*46, orgamc matter 9*2), while 1*5 were found 
at the end (carl^nic add 13*21, organic matter 18*1). 

2. The wlrin and dothes of the persons present in a room at the time of an 
observation also occur naturally as a probable source of infection of air. That this 
source, however, is of much less importance than might be supposed may, we think, 
he shown from our observations. 

In order to obtain data on this point, it is necessary to eliminate as far as possible 
disturbing influences arising &om the condition of the room itself, particularly, as will 
be seen from the sequd, habitual bad ventilation and want of deanliness. The 
flhpmiMLl Lecture - rooms are habitually ventilated mechanicaJly, and frequently 
aerobbed ; bence the experiments made in them are of special value in this reference. 
'Rie observations in the large room were made during a course of evening popialar 
lectures (m political economy, the audience being drawn from various classes of 
soddy. There was oocadonal applause, which rniist, of course, have tended to stir 
miaro-argsawms. The foUowing were the results : — 
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Large Leotnre-room 

Small Lecture-room 
I 


Hicro-QigaiLiaiis per litre. 


r 

Before lectore. ^ 

After leetore. 

Tentilationon . . 

« • 

4 1 

off* . . 


6 

on 


1 3 ' 

,, off* . 

25 

15 

,, OH . , 

3 1 

^ I'o 


The observations at the end of the lectures were made after the audience had been 
in for an hour, and before they left. The fact that the numbers found wei*e so sma l l 
after the lectm*e shows that the influence of the bodies and clothing of persons of 
average cleanliness present in a room upon the number of organisms in the air is at 
least small as compared with the influence of other conditions. 

As no micro-organisms come from the breath, those which come fix)m persons present 
in a room must arise from their clothes and skin. Hence, if we take the carbonic 
acid as a rough measure of the total impurities arising from the persons of those 
present in a room, it should be a rough measure of the micro-organisms fi'om the 
dothM and skin. The increase of carbonic acid does not, however, as we have 
seen, run parallel with increase of micrororganisms, and this supports our previous 
conclusion that the number of micro-organisms given off by the skin and clothes 
of persons actually present in a room is small as compared with those comiug from 
other sources. 

8. As the micro-organisms in the air of a room do not come to any large extent 
from the persons present at the time, they must come from the room itself The 
circumstances in connexion with the room which are of most importance in influencing 
their number may be now considered. 

A Cubic space . — The influence of cubic space in the naturally ventilated schools 
which may &irly be compared with one anothmr is traced in the Table (p. 82). It will 
be seen that the organisms increase with increase of cubic space up to 250 cubic feet per 
child, when there is no further increase. The marked diminution above 800 cuWc fisefc, 
shown in the Table, depends on the observations made in a private school which wm 
scrupulously clean. The results are therefore not comparable with those obtained in 
Board scboola The diminution with cubic space below 200 cubic feet will recall the 
mTnTln.r diminution with increase of carbonic acid above a certain point. Possibly 
filtration through the air-passages may be again the explanation here. This is a 

point which we intend to investigate fterther. 

In the case of dwaUing-rooms, pp. 71-72, the micro-oiganiBnis decrease as the cubic 
space increases, but this must he largely due to the feet that other sanitary conditions 
improve as the cubic space increases. Above a thousand cubic feet there is a slight 

- ♦ Only off during the lootare. 
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increase, not very easy to explain. In mechanicaUy ventilated schools the micro- 
organisms decrease -with increase of cubic space (p. 82 ), which is nevertheless quite 

in accordance with the filtration hypothesis. 

B. Cleanliness of rooms and persons habitually present in fAem.— In order to show 
the influence of differences as regards cleanliness, we have classified the houses and 
schools as shown in the following Table. This Table requires no comment. It shows 
most conclusively the enormous influence of diferenoes as regards cleanliness on the 
number of micro-organisms. 


^ Clean. . , . . . 
One-roomed IxonBes < 

CVeiy dirty .... 

3ro of ^ 
caBes. 

Ayerage Aveiage 
Bpiicepei I oarbonio 
peiBon. 1 add. 

Ayerage 

organic 

matter 

Ayerage 

micxo- 

oxgazdama 

1 

7 

13 

6 

295 

200 

221 

220 

8-0 

9‘9 

10-7 

110 

181 

18-1 

13-5 

15*1 

18 

41 

49 

93 

f Tery clean .... 

Two-roomed honBes < Glean 

LDirly 

2 

4 

1 ^ 

278 

264 

238 

12-2 

9-3 

9-4 

10-8 

7-7 

11-2 

10 

22 

69 

Nriot^y T^taated f de^liiiesB . 

Board schools 

! 

12 

12 

167 

166 

191 

19-7 

14-2 

225 

18-1 

16-2 

15-2 

91 

125 

198 

Medianically yenti- f Gleanest 

lated scliools and < Glean 

college LLess clean .... 

7 

11 

4 

194 

155 

152 

12-5 

12-8 

108 

12-7 

83 

9-8 

8 

16 

30 


The houses were dasofled fimm notes made at our visits. The naturally ventilated 
fjfthAnTa vere classified ly the sanitary inspectors at our request. 

C. Ventilation . — ^It is most important, as we shall see, to consider separately the 
ventilation at the time of the observation and the habitual ventilation. 

o. VentxUtiim at the time.— -In order to obtain data as regards its influence, we 
TpwriA a number of experiments on rooms provided with mechanical ventilation, 
A-r«.Twi-nmg them with it off, and again with it on, other conditions being equal as far 
as possible. The results are given below. The ventilation was kept off for an hour 
(daring whidi the class was in the room) before the observations ware made» 
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Room 1 . 

Harris Academy^ ” g 

^ « '4*'. 

Small Chemical Lectnre-room 
Largo ,, ,, ., 

Yentilated half-time school 


Avcfragea 


YeataUtlon off I Ten^ilation on. 


Ctrlomc 

Atid 

3fi ri 

Cr^ uBXlB 

Cir^ onie 

A itl 

M!«ro< 

orjiiusiiis 

1 

— 

14-0 

21 

1J5 

31 

18*3 

3S 

13-3 1 

14 

ir»-4 

16 

lfi6 

16 

ICO 

20 ! 

1 


196 

15 ' 

13 2 

15 

37 6 

6 

lit 5 


151 

14 1 

11-6+ 


1 114 ^ 

t j 

I'MH- 

1 

ft 

1 19-6 

1 16 

1 12 6 1 

1 17 


It thus appears that Tentilation by mechanical means at the time of the experiment 
hfl<I no appreciable effect on the munber of organisms in. the air of rooms, in spite of 
its great influence on the carbonic acid and organic matter. {See also p. 79.) 

yS. The influence of the habitual state as regards ventilation cannot be determined 
quite so satisfactorily, as it is necessary to compare results in different rooms. In 
order, however, to determine the effect of a few days of natm^al ventilation on the 
micro-organisms in the air of a school habitually ventilated mechanically, the artifirial 
ventilation was stopped for a week in the half-time school previously referred to. The 
results were as follows : — 


Boy*. 




PrevioM average 


VentOatioii off . . 

Ventilation on smce 
Monday morning 


'"Monday . 

Tuesday . 

■< Wednesday 
Thursday. 
^Friday. . 

> Tnesday . 


47 

fid 

103 

34 

74 

63 

60 


18 

36 

12 

32 

20 

6 

8 


1 

I 




I Avense for the n eeh. 
> Bov& Girls. 

I ttS 19 


The observations were made at the same tine each day. Unfortimately tie boys 
were always standing and moving about at this tme, henw the nurnhw of micro- 
organisms is made abnormally high as compared with previous results in the same 
room. The data obtained, however, show that the effect of ha^ng the ventilation off 
for a week was not appreciable in rairing the number of organkms in the air. The 
numhera found were, in both the boys’ and the girls’ room, actually less in the ^nd 
than in the first half of the week. These results harmonise with our observation as 
regards the influence of age. . (See below.) 

• Compared, not against the same room, bat one with aa nearly as poasible the sarao apace per po«m. 

1“ Avengo of two determinationa. 


MDOCCLXXXVir. — 


O 
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Although the condition as K^ards ventilation during short periods of time m&j be 
of slight influence on the organisms in air, yet the habitual condition seems to exercise 

a marked influence. . 

In the mechanically ventilated half-time school, just referred to, the average ot ^ 
the observations made during occupation (mduding those -with the ventilation off) 
Tras 34 per litre. The school is a very old one, and the sohoto come straight from 
the mill to the school in their work dotlies. The air in the spinning flat of the m’ 
itself had been found to contain about 600 micro-organisms per litre. AU the con- 
ditions except the habitual ventilation are thus in favour of a very high number of 
micro-organisms. Nevertheless, the number found is less than a fourth of the average 
number found in naturally ventilated Board schools (155), a sixth of that m the 
dirtier naturally ventilated schools, and a ninth of that in the older naturally 

ventilated schools. ^ i. . i 

Unfortunately, the rooms in the Harris Academy provided with mechanical venti- 
lation are very much newer than those without it, so that the two sets of rooms are 
not strictly comparable. But, ftom the exceedingly low results in the High School 
(an old school), it is probable that age makes veiy little difference with mechanical 
ventilation. The average in the mechanically ventilated rooms of the Hams Academy 
was 16 per litre, whilst in the naturally ventilated rooms of the same school it was 117. 
Even if we w<n1rA a large allowance for difEerence in age, the contrast is still very 
Btrikiog. The number is more than thrice as great as in the medianically ventilated 
half-time sdiool referred to above, in spite of the age of the latter, and of the 
scholars being much less clean. 

Ijastly, we may compare the naturally ventilated, private school referred to previously 
against the High School. The cubic space and age were about the same. The 
private school was exceedingly clean and quiet, and there were no boys in it. Every 
Tras in its favour, except that the ventUation was by natural means. The 
average in the private school was 9‘3 i that in the High School 8 6. Bodi numbers 
are, of course, low. 

D. In order to show the influence, if any. of age (probably as conditioned by 
cleanliness), we have clasdfied the naturally ventilated Board schools as follows : — 



No. of QSMOL 

Uioro-ozganlimB 
per Utie. 

Opened befcnre 1866 .... 

7 

811 

„ 1875-1880 . . . . 

SO 

150 

„ 1884-1885 .... 

5 

88 


Unfbrtuiiately, in the case of the oldest division of schools, in all but one case the 
dbildren were exeeptionally dirty, so that nothing can flurly be deduced from the 
number for this class. 
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"We do not as yet possess sufficient data to enable us to account completely for the 
accumulation of micro-organisms in a room. It is possible that a room acts as a sort 
of trap for the particles to which bacteria or their spores are attached. This seems on 
the whole more likely than an actual multiplication of bacteria in the air or about the 
floor or furniture of a room. 


Eelation of BacterlSl to Mottlds et vahious Kesds of Am. 

Up to thia point we have generally considered the micro-organisms as a whole, and 
have said but little as to the bacteria and moulds separately. It is now necessary to 
refer to these groups more particularly. 

In this connexion the most important point is the relative proportion of bacteria to 
moulds in various kinds of air. This is specially interesting, because it may furnish, 
tftlrftn in /»nTiT>ftyinTi with Other considerations, a valuable indication of the vitiation of 
air by wTiiTnnl and other impurities. It must be distinctly understood that the relation 
is that observed with jelly of the composition stated previously, and rendered faintly 
alkaline after heating. 

El 167 out of 179 cases in which we observed the relation, the number of moulds is 
less than that of the bacteria. Of the exceptions, two were in the very abnormal case 
of the mill referred to above (p. 84). The rest were either in outside air or in very pure 
atmospheres (e.g., four in the Infirmary). The purer the air becomes, the more n^ly, 
as a general rule, do the bacteria and moulds become equal Thus, in outside air in 
Dundee, takmi in quiet open places, where there was but little traffic, there were 
only 2^ bacteria on an average to each mould, whereas in the open streets in the 
centre of the town, dming dry dusty weather, the ratio was 1 6 to 1. Ei buildings a 
much higher proportion usually prevails. 

The following Table shows the connexion of this ratio with the general state of 
purity of the air in various classes of buddings >— 



Clarbomc 

A<dd. 

Orgaaio 

matter. 

Total 

nucro- 

ozganlamJi. 

Bicteria 

Honlda 

1 

fioDUcIra. 

[ 

Ontdde air (qnlet plafiei) 

„ (stmta) 

NAtnrall j vantilated achoolB : — 

Bound fobools 

FrivEteachool 

Medhajoilcallj Tantfiated Behools:-- 
Oen^areiage. . . • • : • 
Hairla Academy (Board wihool} - 

Half time School 

UolTorBiiy OoUage. 

Hi^ Schoolf 

Honsoi:— 

Fonr and more 

89 

8^1 

166 

11- 9 

12*8 i 

12- 8 
10*8 
12-8 

. 18*0 

1 IW 
9*9 

1 r-7 

8*9 

28 

18*9 

8*9 

10*1 

8-4 

9*5 

12-9* 

89 

18*7 

10*1 

4*5 

0*8 

175 

162* 

9- 

10*53 

100 

280 

2*8 

8*0 

80- 

40* 

9* 

2*5 

149 

111*8 

80*0 

28*5 

81* 

27* 

15*0 

4* 

49 1 

20 1 

21 

‘ WSntor. 1 

April and May* I 

• liifa Domher is prohaMy too high, far 
many of tho dotounlmtiona ncra 
made dorirg ordiuaiy exieriinental 
ketuita on ihemiatiy, wheoa redndng j 
gaaes ▼«» pca*ibly preeent* j 

tThe cnMc spue pw penwn Jn ^ 
fdiooi b ahoat thrrt ttmee w mndt j 
M in any of the bicgcdng; 


n 9 
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The explanation of the ratio increasing ■with the vitiation of the air is 

that moulds come mostly from the outside air. When the air in a room becomes 
vitiated the bacteria increase largely, -svhile the number of moulds is affected to a 
relatively much less extent, if at alL 

This is -well illustrated by some observations made in the half-time school already 
referred to. The unoccupied room "was first well ventilated by means of the fans, and 
the carbonic acid, micro-organisms, and organic matter determined. The children 
■were t b^n admitted, and the determination made at the end of half an hour, and 
again at the end of an hour. The results were as follows 


tEnd 
fBeginni: 
. < Middle 
LBud 


Second daj 


Girls’ Bcihooi 


If 

of hour 



If 

of hoar 

If 

If 


Carbonic Aoid. 

Org&nlo matter. 

Bacteria. 

Ifonlda. 

40 

5-1 

4 

2 

11-4 

6*4 

Not deter 

mined 

11-1 

7*8 

56 

2 

8-9 

2*8 

0 

3 

171 

4*4 

Not deter 

mined 

151 

2*8 

14 

0 

5-0 

4*0 

0 

3 

12-8 

6*2 

1 3$rot deter, mined 

11*4 

8*9 

8 

4 


Thus in three experiments the n^umber of bacteria ■was much greater at ■the end of 
the hour than at the beginning, whereas the number of moulds had rema in ed prao- 
ticaUy constant. 

The effect of stirring up dust is to increas© 'the ratio. The bacteria are mcreased, 
■while 'the moulds are little affected. Thus, in the Hig h School the micro-organisms were 
determined just before and just after the hoys had raised a cloud of dust by stamping 
on the floor. Before stamping, 10 bacteria and 1 mould were found ; after stamping, 
150 bacteria and 0 moulds. Again, in one of lie wards in ’the Infirmfljy, where the 
beds jast been made, the ratio was while the next highest ratio observed in 
any of the other wards ■was f. No dust had been raised in any of the latter ■wards, 
except what was due to ordinary movements about the wards. 

Melixtive lightness of wundds and bacteria . — The xa'tio of bacteria to moulds is 
considerably affected if 'the air remains quiet for any length of time, as the bacteria 
(or rather the particles •to which they are attached), as a rule, set'tle out mudx more 
rapidly thap moulds. Lx fact, the moulds settle out so slowly that we have never 
notioed the ^Eeets of th^ subsidence in the course of our observations. 

TbereiasrivelighineBS of moulds as compared vrith thepartides ■to which bact^da are 
attached baa already been ohserved by Hesse (‘Mitth. a. d. K. GesundhdLtsam'te,’ voL 2, 
pi 186), who found that moulds, as a rule, penetrate much further into the tubes 
beftre sefetliDg down on the jelly than bacteria do. He gives many measurements of 
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their actual distance. Our own observations si's in accordance with his on this point. 

He has also made a numhei’ of very interesting observations in this connexion on the 

relative ease with which moulds and bacteria penetrate fine pores. 

In consequence of the relative lightness of moulds, the ratio of bacteria to moulds 

tends to diTYiiTiiah when the air of a room remains at rest. W e had a loom kept closed 

for two days, after ventilation with outside air ; the ratio was then found to be 

'4 1 • .25 

-wThereas in outside air the ratio about that time was rr. 

•4 1 -*• _ 

The same thing is exhibited by the ratio of bacteria to moulds on still and windy 
days respectively, as proved by the following ratios, which are the mean results of all 
our available data. 


Bacteiia ^6 

Still, damp days = .3.. - 


Windy, damp days 





1-3 


Still, dry days 
Windy, dry days 


•>9 





2-6 


106 

*75 


14-1 


These results are all from observations in Dundee only. Th^ show not only the 
effect of wind, but also that of dryness and dampness of weather. Other things bwng 
equal, there are thus fewer bacteria in the air on damp oi' still days than on diy or 
windy days. The moulds do not seem to be affected by wind or dryness to anything 

like the same extent. 

The relative lightness of moulds and bacteria is also shown by some observations 
made at the top and at the foot of the Gock Tower at Westminster. The results 

were as follows : — 


1 

olieBtratloiL 

Second obsemdoD, 

Bacteria 

Topj MonldB ~ 

^•10 

i i 


_ Bacteria 

^=•40 




At tlB time this sjjsrimsiit iraa mads the mimher of mooUe in the sir ms 
excepti<mally large. 

Staiuiarda <(fPunty^ 

It win be convenient, and, we trust, serviceable, to give at this place what we would 
propose as standards of purity. 
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The air of a dwelling-house or school must be considered bad. if the following 
limits be exceeded : — ** 



Total. 

B\oe9B oyer ontalde adr. 

n - 1 . • -3 f For dwelling-hoTiseB . . 

Carl)Omoaoid|j,^j.^olg 

Organic matter . 

Total mioro-organisms 

10 vols. per 10,000 

18 „ 

6 vols. peer 10,000 

9 ,, ,, 

2 0 vols. oxygen per 1,000,000 

20 per litre 


The ratio should not exceed 30- 

Moulds 

* The above staudards are based on the following data : — 

Cabbooto Acid — 

Of the 29 one-roomed houses eaEamined, 14 contained above and IS below 10 vola. (total), 

or 9 above and 16 below 6 vols, (excess). 

Of the 13 two-roomed houses examined, 5 contained above and 7 below 10 vols# (total), 

OP 8 above and 3 below 6 vols. (excess). 

Of the 18 four (and loope) -roomed houses examined, 1 contained above and 17 below 10 vols. (total), 

or 1 above and 17 below 6 vols. (excess). 

Of the 42 natorally ventilated school-rooms examined, 38 contained above and 4 below 10 vols. (total), 

or 41 above and 1 below 6 vols. (excess). 

Of the 26 mechanically ventilated school-rooms examined, 21 contained above and 6 below 10 vols. 

(total), or 18 above and 8 below 6 vols. (excess). 

Of the 42 naturally ventilated school-rooms examined, 31 contained above and 11 below 13 vols. 

(total), or 81 above and 11 below 9 vols. (excess). 

Of the 26 mechanically ventilated school-rooms examined, 9 contained above and 17 below 13 vola. 

(toted), or 8 above and 18 below 9 vols. (excess). 

Of the 42 naturally ventilated sohool-roomfl examined, 29 contained above and 13 below 14 vols. 
(total). 

0£ the 26 medhanioally ventilated 8ohooiL.TOOins examined, 4 contained above and 22 below 14 vols. 
(total). 

Omuxio MiiTBB (excess over outside air) — 

Of 29 one-roomed houses, 25 required more and 4 less than 2 vols. oxygen per million. 

Of 11 two-roomed houfles, 7 required more and 4 less than 2 vols. oxygen per million. 

Of 13 four (and more) -roomed houses, 2 required more and 11 less than 2 vols. oxygen per million. 
Of 41 naturally ventilated school-rooms, 35 required more and 6 less than 2 vols. oxygen per million. 
Of 26 mechanically ventilated school-rooms, 5 required more and 21 less than 2 vols. oxygen per 
million. 

Hmso-OBOAntsifs (excess over outside air) — 

Of 2B cne-momed houses, 22 contained more and 6 less than 20 micro-organisms per litre. 

Of 13 iwo-Toomed houses, 9 oontained more and 4 less than 20 micro-organisms per litre. 

Of ISfoDT (andzQore) -roomed houses, 1 contained more and 17 less than 20 znioro-oiganiszas per litre. 
Of SSimliarall^ veniulated school-rooms, 82 contamed more and 6 leas than 20 mioro-orgaDismB per 
Eke. 

Of 25 naioxelly 6 oontained more and 19 less than 20 micro-organisms per 

litre. 
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In reference to the abore standards the following remarks are necessary : — 

(1.) The above limits for houses apply more paitieularly to sleeping-rooms. 

(2.) It has been considei’ed necessary to allow a somewhat higher limit for carbonic 
acid in schools than in dweUing-houses. The reasons for this are : — {ft) The quantity 
of carbonic acid produced by respiration during waking horns is greater than when 
asleep, and it is therefoi’e more difficult to maintain so low a standard in the former 
case.** (6) The average cubic space per person is at present considerably less in 
schools than in even one-roomed houses, (c) The examination of 63 different school- 
rooms, 30 of which were considered to he sufficiently well ventilated, shows that, even 
when ventilated mechanically by fens, an upper limit of 13 vols. per 10,000 (or 9 vols. 
in excess of outside air) is as low a one as we could reasonably expect not to be 
exceeded. We are fully of opinion, however, that the limit should not be fixed 
higher. The data on which the above opinions are based will he seen fi’om the foot- 
note on page 102. 

(3.) The upper limit of 10 vola per 10,000 for dwelling-houses (especially in sleeping- 
rooms) is the one which is usually adopted by most authorities, and this we can 
fully confirm. Wilson (‘Handbook of Hygiene,’ and quoted in Pabkes, p. 116 ) 
states that in cells (in Portsmouth Convict Prison) of 614 cubic feet, always occupied, 
he found 7 '2 vols. of carbonic acid, and that the prisoners inhabiting these cells were 
healthy «Tid had a good colour. In cells of 210 cubic feet, occupied only at night by 
prisoners employed outside during the day, he found 10*4 vols. of carbonic acid. The 
occupants were all pale and anasmic. 

Db Chatjmont (‘ Eoy. Soc. Proc.,’ vol. 23, p, 187) gives 6 vols. (or 2 vols. in excess of 
the outside air) as the maximum amount of carbonic acid admissible in a properly 
ventilated space. He believes that an atmosphere ceases to he good when the 
carbonic acid reaches 8 vols. (or 4 vols. in excess) ; that it becomes decidedly had 
when the carbonic acid reaches 10 vols. (or 6 vols. in excess) ; and that it becomes 
vcTy had when 12 vols. (or 8 vola in excess) is reached. Though it would be very 
desirable, could this lower limit be maintained, yet from our own inv^tjgations it 
HflPTna to be practically impossible, in schools at least, without invobung too great 
a cost or usmg an extensive “ open window ” ventilation. The latter would be very 
objectionable, and quite inadmissible in winter. The standards proposed above are 
practical, and may be attained without draught, so that we may reasonably rapect 
and that the air of dwellings and schools should he m a intai n ed within the 

limits of purify assigned above. 

The lower limit for carbonic add, proposed by Db Ghatookt, is based as follows 
(‘Roy. Soo. Proo.,’ voL 23, p. 187) (1) That the air of a room should be m^tained 
in sudi a state of purity that a person comiog directly from the external air should 

• PmiDiEOiaB fOimd that in repose a man. of 38 years evolved at nig^t, wlicn adeqr, ’56 cnlne foot of 

carboniD acid, and *78 in the day-time, vrith very moderate exertion 
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perceive no trace of difference in odour between the room and outside air in point of 
freshness. (2) That the presence of organic matter is, on an average, perceptible to 
the of fnTiAll when the coincident carbonic acid, due to respiratory impurity, 
reaches 2 vols. per 10,000, or a total of about 6 vole. 

Fn almost all the houses and schools visited we took a note of the odour perceived 
on entering the room ; and, although as a general rule the odour was some indication 
of the condition of the air in the room, yet this was by no means invariably so. In 
some cases an extremely close and almost overpowering odour was detected when the 
carbonic acid amounted to only 7 or 8 volumes per 10,000, while in other cases 
the smell was only slight with as much as 17 volumes, and in one case as much as 20 
volumes. In these latter instances the organic matter was only slightly above the 
limit we have allowed. 

The smell is, in feet, greatly influenced by the temperature, and also by the 
humidity of the air, as De Cha.tjmoitt himself points out. The sta;te of cleanliness 
of the persons in the room, and of the room itself, has a most important influence on 
the smell, quite independently of the amount of carbonic add. There may also be 
other strongly smelling substances in a room which do not appreciably affect the 
chemical composition of the air. Our observations in the Infirmary wards (page 84) 
were very instructive in this respect, Thus, in one ward, where the excess carbonic 
add was 2*9 volumes, there was a very perceptible odour. A few hours later the 
excess in the same ward was S‘4 volumes, but the ward felt much fresher, and the 
odour was barely perceptible. 

For dmilflr reasons the feeling of closeness is not a safe guide as to the amount of 
organic matter in a room. The combustion of gas in a room will produce a high 
carbonic add and a feeling of closeness, but, as shown above, it will have Httle effect 
on the organic matter. Iii should be stated that Db Chaumont^B results apply to 
roonu3 at night in which lights were not burning, whereas, in almost all the one^ and 
two^roomed houses we vidted, an oil lamp was kept burning. 

The standards of purity adopted above are practical limits, which should easily be 
maintained by proper methods, and at not too great a cost. They are not fixed so 
low as might be desirable, but they are as low as practicable with the present 
methods of ventflation, unless, indeed, expense is no object. 

As our experiments ware all made between the end of November and the end of 
April, the standards deduced from them apply strictly only to the winter months. 
They might, therefore, be loweyed to 8 volumes (4 volumes in excess) of carbonic acid 
in the case of houses, and 10 voluines in the case of schools, during warmer weathei^ 
when the ixyurious effects of draughts would be in great pajrt eliminated. 

(A) The ezoess carbonic acid is due to respiration and combustion. The orgaiuo 
matter is due to reerpiration and the combustion of coal, oil, and possibly (to a slight 
extent) gas; also to dost The carbonic add and organic matter may, therefore, be 
tdk€^ as a measure of the infiuenoeB contaminating the room about the time of *the 
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observation, whereas the number of micro-organisms is largely dependent on its 
previous history, as shown above. 

(5.) In proposiog the above standards, we wish it to be distinctly understood that 
they should be taken in conjunction, and not singly. The carbonic aciil. more 
especially, is not a safe guide when taken alone. 

(6.) lie standard for micro-organisms is for Koch’s jehy. of the composition 
previously stated. 

So far as we are aware, a standard of purity has not previotisly Ijeen propos^^l for 
organic matter and micro-organisms. 

The Nature of the Micro-osc^anisms peehent in “Titiated Ant." 

On this point we purpose to say but little at present. The great majox*ity of the 
colonies which appear on the jelly consist of micrococci of very various kinds and with 
various naked-eye appearances (see Plate 6, figs. 2 and 3). Bacilli are not nearly so 
common ; the moulds aio also of veiy various kinds. As was to be expected, these colonies 
are not always pure cultivations. 2h conjunction with Dr. Hare, of the Surgical 
Ijahoratory, Edinburgh University, one of us has cultivated and desctibed some of the 
more characteristic and commonly occurring aperies. A series of inoculation and 
inhalation experiments with pure cultivations was also begun under Dr. Hare’s 
direction in the same laboratoiy. The results of these experiments were negative in 
the case of the few species tried as yet. 

PBOBAmiE Infliiexce on Health of the different abnobhal CoNSTETDEsra 

OP Vitiated Air. 

We have placed (p. 74) the results of our analyses alongside of statistics as to the 
death-rates in the riassea of houses the air of which we examined ; hut it is no veiy 
ea^ task to determine how far dififerences in the death-rate are due to differences in 
the air breathed, and how far to other cans^ such as improper or insufficient food. 
There is, however, abundant evidence from other sources as to the enormous uofiuence 
on the death-rate of the air habitually breathed, apart from other causes (cf. Pahkes 
‘Hygiene/ 6th edn., p. 183). Hence we may take it as quite certain that the above 
differences in the death-rates in Dundee are largely due to the differences in the 
quality of the air habitually breathed. 

Ah regards the influence of the separate constituents by which the air "was contanu- 
nated, it is even more difficult to come to positive conclusions.* But a ^ort diacusrion 
as to what seems probable may sOTve at least to pve a more definite direction to one s 
ideas in considering the matter. 

As regards carbonic arid, it seans almost certain that its presence in houses in the 
proportions we found could not have a sensibly deleterious effect. A alight increase 

• We hope to throw further %ht on this point hy a eeiies of direct experimenta on with nir 

-ritiairing conatitnenta aeparately, and not in auoh proportiona aa to cause acate pononing. 

MDCOOLXXXVII. — ^B. ** 
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of carbonic acid and diminution of oxygen can easily be made up for by a B%bt in^eafle 
in the rapidity of the respirations or flow of blood through the lungs, or in the depth 
of the former We know also that there are many conditions, such as adherent pleur® 
or slight heart disease, which must have a very great influence on the function of 
respiration, and which yet do not appear seriously to affect the general health. 

The case of the oxidisable organic substances in air would appear to he totaE^y 
different from that of the carbonic add These substances, unlike carbonic add, 
appear to accumulate in stagnant air until they are present in quantities as large as, or 
even larger than, in pure expired air. Thus the average excess of the bleadiing from 
expired air over that of the laboratory was found to be about 7*9 in the series of obser- 
vations detailed at p. 87, and the avei-age excess in the air of naturally ventilated 
sdiools was almost exactly the same. Although, as previously remarked, there are 
probably other factois to be taken into account here, the figures given are sufficiently 
striking. They Tna-k-R it appear probable that increased fi®quen<y of respiration may 
be of no avail whatever in making up for the impurity of the air. 

The facts just alluded to appear all the more striking when we consider that e^ired 
air contains* about 438 volumes per 10,000 of oarbonic add, whereas the dghest 
carbonic awd fotmd in schools was only 37*8 volumes. It is probable that poisonii^ 
hy organic substances given off by the breath and s kin has a very great effect in 
lowering the general health and predisposing to other diseases. The deaths from 
“ debility ” "tiH “ convulsions ” in infants are perhaps in considerable proportions due 
to suh-aeute poisoning hy these substances. 

As regards the influence of the micro-organisms of air, it seems probable that for 
perBQTtB in perfect health the great majority of them are harmless. The dliated 
epithelium of the respiratory passages probably sweeps them out as fast as they 
become entangled in the mucus with which it is bathed. Even those which have 
penetrated as fex as the trachea and bronchial tubes are thus probably ultimately 
swallowed. It seems scarcely possible that any can ever reach the air-cells. 

The conditions are different, however, when there is even a slight catarrh of the 
respiratory passages. The bacteria in. air axe then probably a source of considerable 
danger. The bsAterin. doubtl^s propagate themsdves in the secretions, which axe 
only imperfectly expdled on account of the disorganization of the epithelium, and axe 
th^fore apt to he sucked or driven into the air-cellfl. A condition is thus pro- 
duced comparable in many respects to that in the deep part of a punctured wound. 
I VoTicbo - pnflnTnfmia. and further destructive changes seem a very natural conse- 
quence. It may be that few ^ecies of bacteria in addition to the bacfllus of tubercle 
are of thus causing serious injury (see Thaos’, ‘ Rev. de M^deoine,’ December, 

1885), but that bacteria in air do act in this way seems at least very probable. 

This hypothesis at quite in agremnent with the death-rates ^ven above. The 
&uxcmom inoreaas in the death-rate from acute bronchitis and broncho-pneumonia is due 
fcxr the most part to a ample baxmehitis (caused perhaps hy exposure) hpcoming com- 
plicated with broncho-pnsamoiua, which latter runs an acute and rapidly fia-tal course. 
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The very high death-rates for measles and hooping-cough in one- and t\?' 0 -roomed 
houses is due, not, to any considerable extent, to the increased fi*equency of these 
diseases, but for the greater part, especially with measles, to secondaiy broncho-pneu- 
monia. They are diseases which the majority of children of all cks^es have some 
time or other. During even a mild attack the respiratory passages are in a condition 
which, as explained above, makes them specially liable to be attacked by micro- 
organisms. Hence it is natural that broncho-pneumonia should appear in proportion 
to the contamination of the air breathed by the patient. In a ward in a children s 
hospital, where the ventilation was bad, Thaon {Joe, cit) has observed that the mor- 
tality is three times as great as in another with good ventilation. 

In scarlet fever there is no bronchial catarrh, hence the micro-organisms of air are 
probably not a special source of danger. We have mseited the death-rates from 
scarlet fever in the Table, although the number of deaths is too small for any definite 
conclusions to be drawn from them. The death-rate for the year was twice as great 
in the houses of three rooms and upwards as in the one- and two-roomed houses. If, 
however, we take the mean of this and the previous year, for which we also possess 
data as regards scarlet fever, the death-rate (31 deaths in all) is about a third 
greater in one- and two-roomed houses. This increase is not in proportion to the 
increase (two-thirds) in the general death-rate in the lower clabS of houses, and does 
not compare with the increase from measles, and, to a less marked extent, hooping- 
cough. 

It win be of interest to reproduce here a valuable Table prepared by Professor Max 
C' RUBER (* Wiener Med. Wochenschiift,' December 26th, 1 885) from Korosi s statistics 
of the town of Buda-Pesth for the years 1879-82. Korosi had compared the death- 
rates in the lowest class of rooms (“' ceUars ”) with the death-rates in the x’est of the 
town for various diseases, and the Table shows the percentage increase or deciease in 
the death-rates. 

P«Toentag6 increase 
deczcAie in dcffth-iatc 

Measles 

Hoopinff-congh 

Scarlet lever^ 

Group and diphtheria - . - 

General death-rate . * • « ^ • 


The death-rate from scarlet fever here shows an actnal decrease in the lowest class 
of dweUing. It seems just possible that this low death-rat» may to some extent be 
accounted for by the same reasons as those for which artifimally inoculated small-pox 
is less fetal We cannot doubt that scarlatina is more common in the lower class of 

houBcs, and that, c^eris paribita, it is more fetal. 

With diphtheria and croup, hroncho-pneumonk is of exceedingly frequent occur- 

p 2 


+1S9 
+100 
- 8 
+ 11 
+ 85 
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rence, it is true (found in 90 per cent, of the fetal cases of diphtheria, according to 
Thaon, loc. cit) But here the chances of broncho-pneumonia are about equal, 
■whaterer the number of micro-organisms in the air, because in these diseases the 
broncho-pneumonia is due to the specific poison of the disease, and caused by the 
spread downwards of infection from the throat. In diphtheria the patches of broncho- 
pneumonia are, according to Thaon, full of the same orgjanistos as are present in the 
false membrane, and which produce artificial diphtheria in animals (Loepflee, 

‘ Mittheilungen a. d. K. (lesundheitsamte,’ voL 2, p. 421). The death-rates both in 
Dundee and Buda-Pesth are in consistence with fhis hypothesia 

The curious relation in the death-rate from phthisis appears to depend on the 
mutual interaction of constitutional predi^osition and bad hygienic conditions. The 
mere feet that, the worse the hygienic conditions, the more do children who are 
weakly die off in childhood, does not altogethm? account for the differences in the 
death-rate from phthisis. For, in spite of this survival of the fittest, the general 
death-rate above 20 increases steadily fix»m the better to the worse hoxoses 
(including Infinnary and Poor-houses), although the increase is nothing like so great 
as it is for children. Were phthisis due merely to the influence of bad hygienic 
conditions, we should, therefore, still expect the death-rate to increase up to the two- 
and one-roomed housea As a matter of feet, although those under good hygienic 
conditions suffer by fer the least from phthisis, yet it tells most heavily on those 
under only moderately bad hygienic conditions, and this is the case even when all the 
deaths in the Infinnary and Poor-houses are set down againdt those under the worst 
hygienic i.&, those in the one- and two-roomed houses. This would seem 

to indicate a predi^osition to tubercular disease in a certain proportion of the 
individuals, quite apart fium general constitutional weakness. Under good hygienic 
the great majority of these will escape altogether. Under medium con- 
ditions a large pjoportion wBi survive the tubercular diseases of childhood, but only 
to fell victims to phthisis later on in life. Under the worst conditions most will die 
of tubercular disease during childhood. So few will survive that, although a larger 
proportion of them will die than of the survivors under medium conditions, yet the 
death-rate from phthisis on the -whole population in the worst houses will he less. 

The fact that the mortality from croupoiis pneumonia increases so markedly fix)m 
four- to two-roomed houses, and out of all proportion to the death-rate above childhood, 
is an important confirmation of the theory of. its being caused by micro-organisms. 
The feet that it is rather less fetal in one- than in two-roomed houses is due probably 
to the feet that it is to a very large extent treated in the Infinnary, where very many 
recover who would certainly die at home. 
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Hemedies. 

It is not within the scope of this paper to discuss at length the methods which 
should be employed for maintaining a reasonably pure atmosphere in schools and in 
dwellings; but the following su^estions, as the result of experience, may not be 
without some value. 

(1.) As our results show, the state of the air in the Board schools in Dundee is 
extremely bad, and mgently needs improvement. Doubtless the schools in other 
towns are in a mmiTBr condition. The symptoms ascribed to overpressure, which has 
been complained of so extensively of late, are probably largdy due to the defective 
ventilation of the schools. Defective ventilation weakens and depresses the energies 
so that a child certainly cannot gain the full advantage of its education under a bad 
system of ventilation. It therrfore behoves School Boards to pay much more atten- 
tion than hitherto to the ventilation of thmr schools. 

A sufficiently pure air in schools appears to be attainable only by mechanical venti- 
lation. It is true, the necessary conditions of purity may also be got by the use of 
open- window ventilation ; but then, in winter at least, the ill-effects of draughts are 
probably greater than those due to insufficient ventilation. 

Of the systems of mechanical ventilation, it is better to blow air into the room, and 
allow it to firid its own way out (preferably up ^edal shafts), than to ventilate by 
extraction. Draughts are more ea^y avoided by the former method. But the great 
objection to the suction method is that a partial vacuum tends to be produced, which 
would greatly accelerate the entry of sewer-gas into the room from any defective 
drains, whereas the "How-in” method has the positive advantage of producing the 
opposite effect. By Howing warm air into a room a much more uniform and higher 
temperature may be attained during winter ; and this method is also independent of 
the state of the weather. AH parts of the room are more thoroughly heated and 
ventilated than under the natmul ^stem. The air rfxould be blown in under a low 
velomty through sufficiently large upright i^afts, in order to avoid draughts. 

(2.) In regard to houses, mechanical ventilation is, of course, out of the question, 
but very satisfrictoiy remits may be obtained in the case of a large block of buildings 
let out on flats in single- or douHe-roomed bouses, as is largely the case in Scotch 
towns, hy having a large open-air space or landi ng on each flat, and provided with 
open wire-grated windows without glass, so that a good current of fresh air may be 
maintained along the passages and sfcaircaBe^ wherely a pure, mstead of an ahready 

vitiated, air enters and supplies the various rooms. 

Thia -was shown in a very marked manner in a la^ block of such one-roomed 
houses in Dundee. This Hock was eight stories high, covered an area of 555 square 
yards, and r^T.ta.m Ad 136 separate one-roomed and four two-roomed dwelling-housee. 
Owing to bad trade, only the four lower flats are now occupied, hut a few years ago 
all the houses were tenanted, and then had a population of about 700, or about three 
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quarters of a square yard of ground to each person. It is, in fact, the laj^est and 
closest-packed block in Dundee. Fonnerly the ventilation was very had, but by 
order of the sanitary authorities one room on each flat was thrown open as an air 
space, and the glass removed from the windows and replaced by open wire grating. 
The average temperature in this block was 54°, or only 1° below the avm’age of all 
the one-roomed houses we examined, although the outside air at the time was 6 
lower on the average than on the nights when the other one-roomed houses ware 
The analytical results obtained as follows : — 


Space per person .... 

Temperatiire 

Carbonic acid 

Organio matter (excess) . . 
Total niicix>-aigaiuBmB . . 

Qenenl average 
of 1 -loomed 
houses 

Block of bnlldinge refeired to 

Honieon 
4th flat 

House on 
Srdfat. 

House cm 
ftrd flat 

House on 
2nd flat. 

212 onbic feeii 1 193 

SS-Fahr. 

11-2 1 8-6 

67 1 40 

60 , 21 

169 

52 

7-9 

3-8 

96 

193 

58 

8-8 

3-0 

45 

225 

56 

10-0 

3-3 

53 


From this it will be seen that the open-air spaces have a marked effect in improving 
the condition of the air in such houses as those referred to. Since this alteration has 
been made a vay marked improvement has taken place in the health of the inhabi- 
tants of this block of buildings. ' 

(3.) The practice adopted in almost all small houses of keeping a lamp burning 
during the night is one to be deprecated, as it must add very considerably to the 
contamination of the air, especially in one-roomed houses, in which the cubic space 
per person is so small 

(4.) both of the person, and more particularly of the dwelling or 

school, is of the very utmost importance in maintaining the purity of the air as 
regards mnsro-organisms, and one which &om this point of view has not been pre- 
vioudy advocated. 

(5.) Though &r firom depredating the beneficial effect of abundant air space, yet 
we think that the frequency with which the air in a room is changed is a far more 
important point to be attended to in providing a pure atmosphere. 

(6.) Ventilation by mere difliision should never he depended on alone, for, though 
it may remove a condderahle portion of the oarbonic add, it has, probably, but little 
effect in redudng the mganic matter and micro-organisms. 

(7t.) It is most important that the windows in houses and schools should be made 
to open widely, so that at interrals a good current of air may be sent through the 
room. !nife would be very efective in removing the organic matter and mitaro- 
oi^BniEBn& 

In Qoncludon, we have to eatress our best *h«.Tik« to Mim Etta Jobhstokb, of 
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TJniversifcy College, for her paintings ; to jUr. Kixneak, Chief of the Sanitarr 
Department, for his kindness in constantly furthering onr ■work ; to the Head Masters 
of the various schools we examined, and poiticulaily to the Rectors of the High 
School and Harris Academy. Many other gentlemen have al&o given us valuable 
assistance, for which we are indebted. The photograph we owe to the kindness of 
Professor Steqgall. 


StJPPLEMBNTABT HOTE. 

(Added December, 188G.) 

On dividing the naturally ventilated schools we examined into two classes, accord- 
ing as they were heated and ventilated by fires or by hot pipes respectively, we 
obtained the following results. The data for mechanically ventilated schools are 
added for comparison. 


Description of School. 


Ventilated mechanically, and heated by hot 1 i 
air blown into the rooma / j 

Heated by fires, and ventilated in the orcli-\ 
nary way ^ / 

Heated by hot pipes in the room itsdf, and" 
ventilaited by windows, ventilators in the i 
room, and in some cases by a few Tobin*s j 
tubes 


No of rooms 
OAamined. | 

1 

Car1)ODic acid. 

I 

1 

Oigaoic matter. 

1 

1- 

Total micro- 
or^anisms. 

2U 

12-3 

1 

1 lO-I i 

Id’S 

18 

i 

16*9 

157 ' 

1 

169- 

1 

21 1 

1 20'0 

16 5 1 

92- 


The aboye Table shows that with fires the carbonic acid was considerably and the 
oxjganic matter slightly less than with hot pipe^ while the number of micro-organisms 
was very much larger. 

The above average for micro-organisms in schools with fires does not include the 
four denominational school-rooms. If we include them, the average is 241. The 
number 169 for micro-organisms includes all the Board schools; but those with fires 
have an average age of about fourteen years^ whereas those with hot pipes average 
only about seven years. If, however, we take only the schools built between 1875 
and 1880, the averages are as follows, and give practioally the same results as regards 
the large excess of micro-oiganisms in schools with fires. 



1. 

No. of mama 
OTEinined. 

Ayqzi{^ ago. 

Total XBicro- i 
orguitauL 1 

SobooTs iritb fires, built 1875-80 . 
„ hot pipes, „ 

7 

13 

jaais. 

2-9 ! 

as 

171' 

108* 
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The quantitative estimation of the micro-oi^ni&ms present in air is a problem which 
has attracted the attention of many experimenters since it received its fiist impetus 
at the hands of Pasteub * twenty-six years ago. 

The method originally employed by Pasteuh was of a very simple chc^racter, and 
consisted in preparing vacuotis flasks of definite (J litre) capacity, each containing 
a RTnall quantity of nutritive liquid ; the aii* in the flask was removed by hoilmg 
the liquid, nuH the open extremity was then sealed with the blowpipe. Such 
sealed flawk-H could then be preserved for an indefinite period of time without under- 
going change. By breaking off its sealed extremity, however, a certain volume of air 
loishes into the flask, carrying with it any microbes that it holds in suspension ; the 
flask is again immediately sealed, and if any microbes have gained access the liquid 
will, after suitable incubation, suffer visible alteration. On opening a number of such 
flnskp in various places, Pasteur found that the proportion of them which suffered 
alteration was dependent upon the locality in which the experiment was performed. 
Thus, out of twenty such flasks exposed in the country at a distance flrom all habita- 
tions, eight became contaminated ; of twenty othere expcsed on the first heights of 
the Jura Mountains, five became infected ; whilst of twenty other's esqrosed on the 
Montanvert (2000 metres high) one alone broke down. 

Tv vr>AT.T. t in order to obtain an idea of the distribution of micro-organisms in the 
air, constructed a square table provided with 100 aper*tures, in which 100 test-tubes, 
each sterile culture-fluid, could be placed. This batteiy of tubes was then 

exposed to the air under examination, and the fete of the tubes watched from day to 
day. It was found that the tubes did not all suffer change simultaneously, but that 
the date of their alteration was dependent upon their portion ; moreover, the cbanps 
tjikiTig place in the different tubes varied accmding to the particular kind of organism 

• ‘ Compt. Rand.’ voL 51, 1860, p. 348. 

+ * Pha. Trans.,’ 1876, Part L 
Q 


UI)COCIXX3:VlI. — 


1.6.87 



114 DR. P. P. PBAITKLAND OF THE QUAJTTITATIVB BSTIMATIOF OP 

■Hrith wHch the individual tube had become infected, and thus, in a measure, this 
apparatus foreshadows some of the great advantages to be obtained from the use of a 
solid culture-medium in which each individual organism gives rise to a separate 
colony. 

Freudenbbich and Miqubl* have ftirther elaborated processes for the qxiantitative 
distribution of micro-organisms in air, their researches having led them to adopt the 
following method, which has been largely used in the well-known experiments at the 
observatory of Montsouris. 

This method consists essentially in aspirating a definite volume of air thror^h a 
plug of sterilised glass-wool, which is then agitated with a definite volume of sterilised 
water, so as to distribute the collected organisms in the latter. This water is then 
divided into a number of equal parts, each of which is added to a tube, flask, or bulb 
containing sterilised broth. The vohune of water with which the plug is mixed must 
be so selected that, when divided into the given number of equal parts, the micro- 
oiganisnus are so attenuated that only a ^portion of the total number of inoculated 
tubes become infected. If only a portion of the total number of tubes become thus 
infected, Miqttiil ai'gues that the organisms were distributed at such wide intervals 
in the water that not every one of the pai’ts into which the latter was divided 
contained even a single organism, and that, therefore, those broth-tubes which suffered 
alteration through the inoculation of such a part must have received only a single 
organism, and, thus, that the number of culture-tubes which break down is identical 
with the number of organisms communicated to the water by the plug. 

Kocnt first applied a solid nutritive medium to the examination of aii’ for micro- 
organisms by exposmg glass dishes contamiog a nutritive soM surface, such as 
peptone-gelatine, potatoes, &c. Upon this surface the aerial microbes become 
depofflted, and, after suitable incubation, give rise to colonies which can be counted 
and farther examined. 

This method, which forms an entirely new departure in the examination of air, was 
further developed hy Hesse,| who, by aspirating air through wide glass tubes of 
about 2 feet 6 inches in length and 1*5 inch diameter, coated internally with 
peptone-gelatine, found that, provided the current of air was not too rapid, practically 
the whole of the suspended orgamsms were depomted on the bottom of ihe tube in 
the first half or two-thirds of its length. The remarkable phenomenon of the rapid 
subsidence of organisms in comparatively still air, upon which this method depends, 
is wTnilar to that previously observed hy Tv 2I1)ALL§ in his weU-known sterile 
chambers coated with glycerine. 

* ' Anuoaize de rObserv. de HoBtaonxis,’ 1884^ p. 533. 
t SaiBflrL Gesondlieitasmte,* voL 1, 1881, p. 32. 

t 2. 

§ Tmtoxs, Iba 
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AdriDitoge'i and Disodvoiitngpi of Methoih in Vogne. 

Of the methods mentioned above, the two most generally in use at the pre'seut time 
are those of Miqubl and of HdsSE. The former finds most favour -with those experi- 
menters who still work principally with liquid media, whilst He^sc’'s method 
preferred by those employing a soEd material for the cultivation of micro-organisms. 

There are many objections to Miquel’s process, sufficiently obvious from the above 
description. Thus, in the first place, each individual experiment is attended with 
great expenditure of time, trouble, and material, for the water with which the glass- 
wool plug is mixed has to be divided amongst a large number (ten, thirty, forty, or 
more) of culture-tubes in one single experiment, so that the preparation of these alone 
for an extensive series of investigations must become an intolerable burden. A still 
weaker point in the method lies in the necessity of so selecting the quantity of water 
with which the glass-wool plug is mixed that, when divided into the given number of 
equal parts for inoculation into the cultm’e-tubes, each port shall not contuiu mure 
than one organism, for, as pointed out above, it is assumed in the subsequent estima- 
tion of the number of organisms present that each culture-tube which suffers alteration 
succumbed through the introduction of a single organism. Should, therefore, the 
quantity of water taken for mixing be wrongly proportioned and the whole of the 
inoculated culture-tubes break down, the experiment is rendered worthless, as no 
calculation with regard to tbe number of micro-oiganisms can then be made. Again, 
the assumption that each tube suffering alteration does so in consequence of the 
introduction of a single organism must be accepted with much reserv'e, more especially 
as the difficulty of equally distributing the organisms in the water (and upon this 
equal distribution the process is absolutely dependent) is rendered particularly 
difficult through the presence of the suspended particles of glass-wool, and of this 
difficulty I frurnish experimental proof later on. 

Owing to the above objections to Miqxjel’s process, and in consequence of the 
obvious advantages to be secured by working with a solid nutritive medium, I have 
myself adopted Hesse’s method for carrying out a number of experiments on the 
distribution of micro-organisms in air, the results of which were communicated to the 
•Society in Jime last,* This method possesses the great advantage that the tubes, 
after preparation in the laboratory, can be transported to the place where the expen- 
ment is to he performed, and that there are no further operations requiring special 
appliances. In hot weather, however, there is considerahle difficulty in eany^ the 
tubes about, and I had to devise special precautions, which I have descn^ in 
another communication, for preventing ihe melting of the gelatine film in experiments 
performed in direct sunshine. After a veiy short acquamtance with Hesse’s apparatus, 
however, I became convinced that it was a matter of great consequence in which 
ffireetion the tube was placed vrith regard to the vrind, and that, if the open extrmnity 

• ‘ Roy. Soe. Proc vol. 40, p. 5l*9 
Q 2 
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of the tube pointed towards the wind, the number of organisms deposited in the tube 
was greater than when pointing away from the wind. It is a matter of some surprise 
to me that no reference to this point is made in Hbsse s original paper, and that he 
tt ipTtai? no special recommendation as to the relationship which should exist between 
the direction ot the wind and that of the tube. In mj experiments with his apparatus 
I have made a practice of directing the open end of the tube at an angle of 135 away 
from the wind, so that the latter does not blow into the tube, whilst, at the same 
time, the experimenter does not intervene between the wind and the open end of the 
tube. The direction of the wind is, however, very rarely so constant that this angle 
can be preserved throughout an entire experiment, which usually extends over 1 hour 
or even more j commonly the direction of the wind is sulyect to considerable and 
rapid local variations, whilst, sometimes, a complete change of direction takes place, 
in conseq[uence of which I have, in some cases, had to reject the results. In my later 
experiments I have generally exposed side by side with the tube through which the 
air was aspirated a second similar tube by way of control, and I have ascertained 
that the number of colonies making their appearance in the control-tube frequently 
n TYimmta to a large fraction of the number found in the tube through which the air 
has been aspirated. In illustration of this, I may quote the following results obtained 
in this manner : — 

Mxjp&riments in Open Air. 

Hesse’s Method vnth Control-tube. 


1. Gardena of Natural History Mvaeum. June 9th, 1886. 

12 litres of air yielded ......... 158 colonies. 

Control-tube 54 „ 

Wind moderate. 


IL IHito. June 10th, 1886. 

11 litres of air juelded ......... 20 colonies. 

Control-tube 6 „ 


In this experiment, which was after heavy rain, the wind was very 
alight. 

III. Roof of Sdenoe Schools, South Kensington Museum. June 18th, 1886. 

12 litres of air yielded 12 colonies. 

Control-tube S „ 

Wind dight. 

lY. Ditto. June 22nd, 1886. 

12 litres of air yielded 53 colonies. 

Control-tubd 11 „ 

Wind moderately strong. 
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V. Hoof of Science Schools, South Kensbigtoii JUnseum. June 25tli, 1886. 

12 litres of air yielded colonies. 

Control-tube 

Wind moderately strong. 

VI. Ditto. Jime 28th, 1886. 

12 litres of air yielded . . . 

Control-tube 

Wind modeixite, hut vririohle. 

VII. ’Ditto. Same day. 

11 litres of air yielded colonies. 

Control-tube ” 

Wind moderate, but not quite so variable as in previous experiment ; 

increased very much in strength at close of experiment. 


49 colonies. 
29 „ 


VIII. Ditto. June 29th, 1886. 

12 litres of air yielded 

Control-tube 

Wind very gentle and feirly constant. 


45 colonies. 


11 


99 


IX. Ditto. June 30th, 1886. 

10 litres of air yielded 

Control-tube 

(Owing to strength of wind, the open 
directed quite away from the wind.) 
Wind very considerable in strength. 


. . 75 colonies. 

. . IB 

(approximately) 
extremities of the tubes were 


mu. Jnly^isas SlodomeB. 

12 litres of an* yielded 

thioaghout the greatsr part of experiment. 


Zimto. July 6th, 1886 7* colonies. 

12 litres of air yielded 

Control-tube 

Wind very considerable. 

XIL Ditto. July 9th, 1886. 

12 litres of air yielded 

Control-tube 

Wind strong. 
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Tin Boof of Science Schools, Smith Kensington Museum. July 12tli, 1886. 

12 litres of air yielded 75 colonies. 

Conta.'ol-tube ^7 „ 

Wind slight. 

XIV. Ditto. July 21st, 1886. 

12 litares of air yielded 129 colonies. 

Control-tube ^2 „ 

Wind very gentle during the first half, but increasing considerably 
at end of experiment. 

XV. Ditto. August 3rd, 1886. 

10 litres of air yielded 105 colonies. 

Control-tube 50 „ 

Wind gentle, but variable in direction. 

XVI. Ditto. September 24tb, 1886. 

12 litres of air yielded 71 colonies. 

Contzrol-tube 56 „ 

Wind very gentle, but variable both in strength and direction. 

XVIL Ditto. September 25th, 1886. 

12 litres of air yielded 52 colonies. 

Control-tube 16 „ 

Wind very gentla 
XV in. Ditto. October 19th, 1886. 

9 litres of air yielded 51 colonies. 

Control-tube 2* „ 

Wind slight, confitant in direction. 

XTX Ditto. October 22nd, 1886. 

11 litres of air yielded 18 colonies. 

Control-tube 10 „ 

Wind gentle, but variable both in strength and direction. 

XX. Ditto. October 25th, 1886. 

10 litres of air yielded 68 colonies. 

Control-tuhe 17i „ 

Wind very strong, but feirly constant in direction. 

XXL Ditto. October 29th, 1886. 

12 litres of air yielded 55 colonies. 

Control-tube 6 „ 

Wind gentle, but somewhat variable in direction, and more so in 
strength. 

* A. oolox^ liad piobably oblitoiated some of the oiiber oolonies. 

f This number is donbfileaB too bduU, owing to tnbe being oonsideroblj obliiraated a liqne^ing 
ooiloaf. 
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Experiuieids in Builditujs. 


I. Natural HistO)'y Museum. June 14tli, 1886 (Wliit-Monday) 


10 litres of air jielded 280 colonies. 

Control-tube .... 49 


II. Ditto. Same day. 

10 litres of air yielded 267 coloiues. 

Control-tube . 39 „ 


III. Chemical Laboratory , Science Schools, South Keupiugtou. October 15th, 1886. 

10 litres of air yielded . . 80 colonies. 

Control- tube 5 „ 


IV. Ditto. October 16th, 1886. 

9 litres of air yielded IS colonies. 

Control-tube 2 •> 


V, Ditto. October 27th, 1886. 

10 litres of air yielded 32 colonies. 

Control-tube 2 m 

N.B. — ^The room must have been very free fr*om aerial ciments, as 
•windows and door were closed and nobody ■was moving about. 


The two series of experimen'ts recorded above show that the number of organisms 
gaining access to Hesse’s tubes, irrespectively of aspiration, is greater in out-door 
than in experiments within doors, this difference being obviously due to the more 
distmbed state of the external air. Thus, in the 21 experiments made in the open 
air, the control-tube contained, on an average, 0-36 of the number of colonies found 
in the tube through which air was aspirated, whilst in the experiments made in-doors 
the proportion so found did not amount 'to more thsm 0*16. This introduces a point 
of great difficulty in the interpretation of the results obtained with Hesse’s apparatus, 
for it is obvious that the number of colonies obt^ed in the tube through which air 
is drawn is in excess of the number of organisms suspended in the air actually 
aspirated; whilst, on the other hand, it is very probable that the number of colonies 
obtained in the control-tube is greater than the number of excess-organisms in the 
tube through which air is dra'wn. Thus, in the frrst open-air experiment recorded 
above, the number 158 is obviously too high, whilst 158-54 is probably too low, the 
truth lying somewhere between the two ; but to this point I shall return later on. 


N&o Process. 

Already in the winter of 1885 I made some preliminary experiments on the 
bacterioscopic examination of air by aspirating a known vdlumo through sterile glass 
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or cotton wool, and then transfei-ring the latter to nutrient gelatine. In consequence 
of numerous difficulties with which I was then met, I abandoned this method for 
Hesse’s apparatus, and it was not until 1 became convinced of the imperfections in 
the latter, to which I have referred above, that I again endeavoured to elaborate a 
new process. 

1. Qdatine Plate Method. — In the first instance, a known volume of air was drawn 
by means of a hand-pump Hirough a small sterilised glass tube, about 4. inches long 
and \ inch in diameter ; this glass tube was fitted with a plug constructed of either a 
stratum of fine glass-powder between two layers of glass-wool or a stratum of fine 
sugar-powder between two layers of glass wool, which had been soaked in a strong 
solution of cane-sugar and subsequently dried. The tube was slightly constricted 
behind the plug, so as to prevent the latter being drawn through by the suction of 
the pump. This plug, after use, was pushed by means of a sterilised wire into a 
flmnn sterilised stoppered bottle, and a defimte volume (5, 10, or 20 c.c.) of sterilised 
water or broth added, and the whole violently shaken for some 6 or 10 minutes until 
the plug had become thoroughly disintegrated. In the case of the sugar plugs, this 
was rapidly accomplished, owing to the greater part passing into solution and leaving 
only the glass-wool skeleton behind in a fine state of division. The glass plugs ai’e 
somewhat more difficult to break up. 

Definite quantities of the liquid were now taken out by means of a sterilised 
pipette, and added to peptone-gelatine, with which plates were poured in the ordinary 
\ra.y. The colonies sulteequently making their appearance on these plates were 
counted as in the examination of water, and thus the number of organisms present 
on the whole plug was calculated. The following details of some asperiments will 
serve to illustrate the method of procedure : — 

L Science Schools^ South Kensington Miisewn. Laboratoi'y window (west front, 3rd 
floor). July 18, 1886. Wind, S.W. ; rain on previous day. 

Voihme of air a^irated — 132 litres. 

Gonsti-wAion of (tingle). — Glass-powder between two layers of glass-wool. 

Plug mixed with 20 ac.*of sterilised water, 1 o.c. of which gave on plate- 
cultivation: — 

Colonies, 61, 60, 47, 41 . Average = 52'25 colonies. 

132 litres of air yielded .*. 52*25 X 20 = 1045 „ 

10 „ „ 79 

IL Laboratory window (same). July 14, 1886. Wind, W. by N.W.; strong, much 
dust blowing in street below. 

Yohme of akr aspmaed = 106 litres. 

Cmstrtic^n of jphg (single). — Glass-powder between two layers of glass-wool. 

Plrg mixed with 20 ac. of sterilised water, 1 c.a of which gave on plate- 
cultivatiaa : — 
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Colonies, 121, 62, 64, 58 . Average = 76 coloiiies. 

Control-plate gave 5 

106 litres of air yielded 71 X 20 = 1420 „ 

10 „ „ 134 „ 

Til. LaboraUn'y window (same). July 15, 1886. "Wind, "W. by S.W., varying to 
N.W., fairly strong. 

Volvme of air asjnrated = 92 litres. 

Construction of plug (single). — Glass-powder between two layers of glass-wooL 
Plug mixed with 20 c.o. of sterilised water, 1 ac. of which gave on. plate- 
cultivation ; — 

Colonies, 37, 25, 53, 36. Average = 38 colonie& 

1 C.C. of sterilised water gave . . 6 „ 

92 litres of air yielded 32 X 20 = 640 „ 

10 „ „ 70 „ 

IV. Lodjorcdory window (same). July 16, 1886. Wind, W. by N.W., strong; 
dust blowing abont in street below. 

No. 1. Morning. Yolvmie of air aspimted = 106 litres. 

Construction of plug . — Loosa Powdered glass thick) between two layers of 
glass-wool. 

Boae . — ^Abont 5 strokes'* per minute. 

Plug mixed with 20 c.c. of sterilised water, 1 ac. of which gave on plate- 
cultivation : — 

Colonies, 28, 21, 26 . . . Average = 25 colonies. 

Sterilised water only gave on control-plate 3 „ 

106 litres of air yielded 22 X 20 = 440 „ 

10 „ „ 42 „ 

Ldboratory window (some). July 16, 1886. 

No. 2. Afternoon. Volume of air aspirated = 87 litres. 

Construction of plug.—TH^t. Powdered glass (f" thick) between two layers of 
glass-wool. 

Plug mixed with 20 o.c. of sterilised water, 1 c.o. of which gave on plate- 
cultivation : — 

Colonies, 18, 25 . . . • Average = 21*5 colonies. 

The above control-plate applies equally 
to these plates. 

87 litres of air yielded .*. 18*5 X 20 = 870 ,, 

10 „ „ 48 

IT.B. The plugs in these two experiments were not further treated until the 

* Nine strokes of air-piimp employed aw equivalent to ^ cabic foot s= 2*86 litres. 
laxXKtLXXXVlI. — B. ® 
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following day. The results are, therefore, doubtless too low, and only comparable 
inter se. 

V. Laboratory window (same). July 19, 1886. Wind gentle, S. by S.E. Eoads and 
pavements ^uite wet. Eaining at time ; tube, however, protected by angle of 
buildiDg 

No. 1. Morning. Volume of air aspirate = 119 Etres. 

Construction of plug. — Glass-wool and glass-powder thick). 

Bate, — About 3 ’6 strokes per minute. 

Plug mixed with 20 c.c. of sterilised water, of which 1 c.o. gave on plate- 
cultivation : — 

Colonies, 36, 48, 45 . . . Average = 43 colonies. 

Two control-plates with same sterilised 
water gave 2, 4 colonies . Average = 3 „ 

119 litres of air yielded 40 X 20 = 800 „ 

10 » „ 67 „ 

No. 2. Afternoon. Volume of air aspirated — 119 Etres. 

Construction of plug. — Sugared glass-wool and sugar-powder thick), but plug 
not otherwise so tight as in No. 1. 

Bate. — About 5 '6 strokes per minute. 

Plug mixed with 20 c.c. of sterilised water, 1 o.a of which gave on plate- 
cultivation : — 

Colonies, 81, 48, 31 . . . Average = 36‘7 colonies. 

The above control-plates apply equaEy 
to this experiment. 

119 Etres of air yielded .'. 38'7 X 20 = 674 ,, 

10 „ „ B7 

N.B. — ^The plugs in these experiments were not treated untE the foUowing day, and 
the results are, therefore, doubtless too low, and only comparable inter se. 


YE. LoAoratory window (Bome). July 20, 1886. Wind, due S., moderately strong. 
Very heavy rain on previous night. 

Volume of air aspirated = 119 Etres. 

Construction of plug . — Sugared glass-wool and sugar-powder. 

Bate . — About 4'9 strokes per minute. 

Plug mixed with 20 c.a of sterilised water, 1 c.c. of which gave on plate- 
cdtivation: — 

Colonies, 26, 25, 85 . . . Average = 28*7 colonies. 

^ Two control-plates with sterilised water 

gave odonies 4, 2 . . Average =3 „ 

119 Etres of air yielded 26*7 x 20 = 514 „ 
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YIL Laboratory window (saxae). July 21, 1886. Wind, S. by S.E., feirly strong. 
Dust was being blown about in street below. 23°'9 C. 

Volume of air aejpirated = 119 litres. 

Construction of plug. — Sugared glass-wool and sugar-j>owder. 

Hate. — ^About 8 *5 strokes per minute. 

Plug mixed with 26 c.c. of sterilised water, 1 c.c. of which gave on plate- 
cultivation : — 

Colonies, 77, 63, 65 . . . Average = 68 ‘3 colonies. 

Control-plates with sterilised water gave 
colonies 12, 4 . . . . Average = 8 

1 19 litres of air yielded 60'8 X 20 = 1206 


10 


101 


99 

99 

99 


VIIT. Laboratory window (same). July 22, 1886. Wind, S.W., strong, variable in 
strength and direction. 23“‘9 C. 

No. 1. Volume of air aspiixOed = 119, litres. 

Construction of plug. — Sugared glass-wool and sugar-powder. 

Bate. — About 5’1 strokes per minute. 

Plug mixed with 20 o.c. of sterilised water, I c.c. of which gave on plate- 
cultivation : — • 

Colonies, 97, 55, 61 . . . Average = 71 colonies. 

Control-plate with sterilised water gave 3 „ 

119 litres of air yielded .■. 68 X 20 = 1360 „ 

10 „ „ „ 

No. 2. Wind stronger than in No. 1, and much dust blowing about. 

Volume of air aspirated = 119 litres. 

ConstructMn of plug. — Glass-wool and glass-powder. 

Bate. — 4 ‘7 strokes per minute. 

Plug mixed with 20 c.c. of sterilised water, 1 ac. of which gave on plate- 
cultivation : — 

Colonies, 107, lOZ, 110 . Average = 106-7 colonies. 

Control-plate with sterilised water gave 6 „ 

119 litres of air yielded .*. 100*7 X 20 = 2014 ,, 

10 „ „ 

IX. Laboratory window (same). July 26, 1886. Wind, W. by S.W. Copious min 
during previous day and night, but roads and pavement diy at time of expai- 

ment. 20® C. 

No. 1. Volume of air aspirate = 119 litres. 

Consbruehm of Sugared glass-wool and sugaavpowder. 

Bate. — 8-8 strokes per minute. 
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Plug with 20 aa of sterilised water, 1 c.o. of which gave on plate- 

cultivation * — 

Cohaies, 26, 21, 21 . . . Average = 227 colonies. 

Plate similarly prepared from control- 
plug gave colonies 6, 3 . Average — 5 

119 litres of air yielded 177 X 20 = 354 
10 30 

No. 2. Afternoon. Heavy shower since morniog. 

Fo^ttJJie of air cM^rceted -=119 Ktres. 

OofistrucHon ^jpZwgr.^-Similar to above. 
jlate . — 8 strokes per minute. 

Plug TTn’TTflfl with 20 ac. of sterilised water, 1 c.c. of which gave on plate - 
cultivation : — 

Colonies, 4, 12, 9 . . . Average = 8-3 colonies. 

Plates similarly prepared from control- 
plug gave colonies 1, 0 . Average = 1 

119 litres of air yielded .*. 7*3 X 20 = 146 

10 „ „ 

X, Eoof of Science Schools. July 29, 1886. Wind, S. by S. W, gentle. No previous 
raiu. Eioads watered. 21®*3 0. 

No. 1. Morning. Vohme of cm' aerated =119 litres. 

Construction of plug. — Glass-wool and glass-powder. 

SjolU . — 8 strokes per minute. 

Plug with 20 O.C. of sterilised water, 1 c.c. of which gave on plate- 

culrivation : — 

Colonies, 28, 19, 16 . . . Average = 21 colonies. 

Plates mmilarly prepared from control- 

plug gave colonies 5, 4 . Average = 4*5 

119 litr^ of air yielded .*. 16*6 X 20 = 330 

10 „ „ . ^3 

No. 2. Afternoon. Volume of air aspirated =60 litres. 

Construction of plug . — Same as No. 1, more closely packed. 

Bate . — 4 strokes per minute. 

Plug mixed with 10 o.c. of sterilised distilled water, of which 1 c.c. gave on plate- 
cultivataon : — 

GoUmes, 19, 27, 21, 24 . Average = 22*8 colonies. 

Oontzol-plates of No. 1 must be 
applied to No. 2, viz,, 4*5 colonies 
60 Ingres of air yielded .*. 18*3 X 10 = 183 „ 

10 81 


99 

99 

99 


99 
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XI. Roof of Soi&nce Schools. July 31, 1886. Afternoon. Wind, N.W., variable in 
strength. Showers previous to and during experiment, aho rain dming previous 
night ; the outside of the tubes was wetted by rain. 20° O. 

Volume of air aspirated = 119 litres. 

Construction of plug. — Glass-wool and glass-powder. 

Rate. — 4 ‘8 strokes per minute. 

Plug mixed with 20 c.c. of sterilised water, 1 c.c. of which gave on plate- 
cultivation : — 

Colonies, 24, 22, 26 . . . Average = 24 colonies. 

Plates similarly prepared from control- 

plug gave colonies 10, 8 . Average = 9 ,. 

119 litres of air yielded .’. 15 X 20 = 300 „ 

10 „ „ 25 „ 

XTT. JSoo/* o/ /Sbiewe iScAooJs (west side). August 4, 1886. Morning. Wind, N.W. 
by N. and very gentle, no rain on previous day or night. IT^'S 0. Tloads well 
watered. 

No. 1. Volume of air aspirated = 60 litres. 

Construction, of plug . — Sugared glass-wool and sugar-powder. 

Rate. — 3*2 strokes per minute. 

Plug mixed with 10 c.c. of sterilised water, 1 c.c. of which gave on plate- 
cultivation : — 

Colonies, 31, 27, 24 . . . Average = 27*3 colonies. 

Plates simdarly prepared finm control- 

plug gave colonies 5, 3 . Average =4 „ 

60 litres of air yielded 23*8 X 10 = 233 ,, 

10 „ ., SO 

No. 2. Volume of air aspirate = 60 litres. 

Construction of plug . — Sugared glass-wool and sugar-powder. 

Rate. — 3 ’4 strokes per nainute. 

Plug mirfld with 10 C.O. of sterilised water, 1 c.c. of which gave on plate- 
cultivation : — 

Colonies, 82, 28, 30 . . . Average = SO colonies. 

Control-plates of No. 1 must be appHed 
also to this. 

60 litres of air yielded 26 X 10 = 260 „ 

10 „ „ • ^ ” 


T TTT Roof of Science Schools (east side). August 4, 1886. 
E. to S.E., stronger than in morning. 

Volume of air aspirated = 48 litres. 

Coru^rucHon of Sugared glass-wool and sugar-powder. 


Afternoon. Wind, 



126 


Da p. p. raAisrKLAUD on the quantitative estihation op 


Rate. — 3*5 strokes per minute. 

Plug mixed with 10 c.c. of sterilised water, 1 c.c. of which gave on plate- 
cultivation : — 

Colonies, 103, 114 . . Average = 108*5 colonies. 

Plates similaTly prepared finm control- 

plug gave colonies 7, 7 . Average =7 „ 

48 litresof ah* yielded.*. 101*5 X 10 =: 1015 „ 

10 „ „ 

The experiments recorded above, although yielding in many cases very concordant 
results, point to several imperfections in the process, of which the more important are 
the following : — 

1. A very considerable volume of air has to be aspirated in order that the small 
fractions or •^), which can alone be examined by plate cultivation, shall yield a 
suffiment number of colonies for accurate estimation. Thus, even when 119 litres of 
air were employed, the plates (each of which represented of this volume) generally 
only contamed fix>m 20—30 colonies. 

2. A more serious objection is to be found in the difficulty of obtaj.ning concordant 
plates put up from the water or broth with which the plug is mixed. This is due to 
the want of homogeneity caused ly the material of the plu^ being suspended in the 
liquid- It was in order to reduce this disturbing suspended matter to a minimum 
that I constructed the plugs of sugar-powder and glass-wool coated with sugar, so 
that nearly the whole plug dissolved away, this construction being also intended to 
ensure the detachment of the organisms from the material of the plug by which they 
were arrested. But even the pui«ll proportion of insoluble matter in these sugared 
plugs is sufficient to prevent that uniformity in the plates prepared from one and the 

plug which is essential to the quantitative accuracy of the process. 

That the discrepancies often observed in the case of the plates prepared with these 
glass-wool plugs is due to the suspended glass-wool and not to any inherent defrct in 
the quantitative accuracy of the method of plate-cultivation in general is conclusively 
proved by the extraordinary concordance of the plate-cultivations of ordinary waters. 
Thus I may quote the following results from my examinations of the London waters 
for the Local Gk>vMnment Board : — 
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Colouie^ obtained from 1 c c. 
of nater 


I II 


Chelsea, Sept 18&6 83 

■West Mid^esex ...... 31 23 

SouthTrark 56 42 

Grand Junction . IS 16 

Lamheth . 61 57 

New River 19 15 

River Thames at Hampton ' b,300 S.oUO 

River Lea . 3,5tM} 4,000 


Now many of tiie diBciepancies observed between similar plates prepared from the 
air plugs are largely in excess of anything observed in the case of these ordinaiy 
water plates, and it is obvious that when these discrepancies have been multiplied by 
10 or by 20, as is the case, the result is still less satisfactory. 

This objection applies, as already pointed out, in a still greater degree to Miquel’s 
process, siace the latter is based entirely upon the assumption that such homogeneity 
is obtained in the aqueous emulsion of the plug. 

In order to overcome all the difficulties to which ireferenoe has been made, I have 
devised the following process, which I will now describe in detail. 

1. Construction of Tubes and Plugs . — ^The tubes through which the air under 
examination is aspirated are about 5 inches in length and inch internal diameter. 


Kg.l. 



Tbfl front end (A) of the tube is open, the other extremity (B) being slightly con- 
stricted. At a distance of 1 inch from the extremity (A) the tube is constricted so as 
to form a support for the first plug (a), which is placed just in front of the constric- 
tion. At a distance of 2^^ inches from the plug (u) the tube is again constricted to 
form a support for the second plug (6), whilst resting against the constricted extremity 
(B) there is a third plug (o). 

In nnnatTichi-ng the tube, the extremity (B) is first constricted and the plug (c) 
introduced at (A), and pushed dovra to (B); the tube is next constricted at (h), and 
the second plug introduced and put in position there, whilst finally the tube is fiirther 
constricted at (a), and the plug (o) introduced. Plug (<») is invariably made more 
pervious tbnn (6), so that any organisms which may be carried by the current of air 
through (a) may find a greater resistance in (6), and thus, if (6) is found to be 
altogether free from organisms, it clearly shows that they must have all been arrested 

by (a). 
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In order to secure this relationship between the plugs (a) and (6), the former is 
constructed, of a small quantity either of ordinary glass-wool or of glass-wool which 
has been previously coated with cane-sugar by soaking it in a saturated solution of 
the latter and then drying. The plug (6), on the other hand, is constructed of fine 
sugar or glass-powder (passed through sieve of 40 meshes to the linear inch), supported 
in firont and behind by a layer of glass-wool, either plain, or coated with sugar as above. 
'Rln.rili of these plugs is about the size of a pea, and with a little practice the packing 
can be easily arranged to give the I'eqirisite degree of imperviousness. 

Plug (c) is shnply a piece of cotton wool, loosely packed, and serves to protect the 
" haATr of plug (6) from any chance contamination. 

The control tubes, which are exposed during an experiment, but through which no 
air is aspirated, are similarly coixstructed, with the exception that they have no plug (6). 

The tubes thus fitted are sterilised by b^g heated on 3-4 successive days, for 
several hours each day, to a temperature of 110" 0. in the case of those containing 
sugar, to 160" C. in the case of those which only contain glass plugs. 

A number of tubes may conveniently be steiilised at one time in a tin box, or in a 
piece of wide glass tubing, sealed at one end, and fitted with a plug or cork at the 
other. In this Tnannar the tubes can be transported without fear of contamination 
to the place where the experimait is to be performed. 



2. Collection of the Scmfle (f Air . — ^The sterilised tube, prepared as above 
deonibed, is carefully taken firom the sterile case, and is only handled 1^ its 
extremity (B). The latter is now attached by n^eans of a piece of stout indiambber 
tnUi^ to a pece of lead tubing about 10 feet in length, which is clamped at this end 
to a retort-Btand. or other convenient vertical support, whilst the other extremity of 
the lead tube is attadied to a which it is connected, on the one hand, 

with an exhaxisting syringe, and on the other with a mercury pressure gauge, both 
syringe and gauge being mounted on a rigid support placed upon the ground. 
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By bending tbe lead tubing the experimental tube (AB) is brought into a horizontal 
position, and in out-of-door experiments the open extremity (A) is turned away at an 
angle from the wind. A control-tube is attached by means of wire to the vertical 
support, so as to rest in a precisely similar position to the experimental tube. The 
long piece of lead tubing enables the operator to aspirate the air by means of the 
hand-pump without his movements disturbing the air in the vicinity of the experi- 
mental tube, whilst, by means of a mirror placed obliquely on the ground, he is able 
to watch the rise and ■fell of the mercury in the pressure-tube. After each upward 
stroke of the pump, the operator waits until the pressure is equalised before making 
the down-stroke, and by observing this precaution each stroke of the pump corre- 
sponds to the passage through the experimental tube of a definite volume of air, 
which is determined once and for all by means of a gas-meter. Thus, the number of 
strokes measures the volume of air aspirated, whilst the number of strokes performed 
per minute indicates the degree of perviousness which the plugs possess. In the case 
of the air-pump used in the experiments recorded both above and below, 8 strokes 
were equivalent to t'Sfth cubic foot, or 2*36 litres, 100 strokes corresponding to 
30 litres. 

The volume of air aspirated is varied, of course, accordmg to the number of 
microbes supposed to be present, but with ordinary London air 60 strokes of the 
pump, or 18 litres, were found to be convenient. 

Tn order to make what is practically a duplicate experiment, it is my general 
practice to alternate the aspiration of air through two different experimental tubes, 
taking 20 siurokes through one^ then 20 through the other, and so on i between the 
aspirationB the tubes are kept in their sterile case. When the desired volume of air 
been aspirated through the tube or tubes the latter are at once replaced in the 
sterile case, and the further treatment of the plugs proceeded with as below desmibed 

3. Fwrtker Treatment of the Plugs ; Flasl Cultnxiiion.~Tke ingenious modification 
of the method of plate cultivation recently inteuduced by my friend Dr. Esiuaucs, of 
Berlin (‘ Zeitsohr. £ Hygiene,’ 1886, p. 293), in which the gelatine, instead of being 
poured out upon a glass plate, is spread over the interior surfece of the test-tube, and 
there congealed, appeared to offer particular advantages for the treatm^t of the air- 
plugs in questioiL I found, however, iliat test-tubes were not suitable for the 
purpose, as the gelatine could not be violently agitated with the plug so as to 
disint^rate the latter without causing an inconvenient amount o£ whi<h, on 
solidification, would seriously obscure the gelatine film. Li order to obviate this, and 
to obtain a much larger surfece of* gelatine, I employ fiasks, 800-400 c.c.* capacity, 
and containing about 12 ao. of gelatine-peptone. These flasks, with their content^ 
are sterilised in the ordinary way ly intermittent steaming for three days. 

The gelatine in these flasks having been melted at a temperature of 30“ 0., the 

• If a vetylMgevtaiiiiie of air baa teea asprated, or if tbo air tmder oamiuBfcion is pwticBlwty 

lidi iiL miraw-oi^arusiM, flasks of greate oapaoHy be advaaitageoad^ 

MDCXXmXXXVIL-— B. 8 
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tube through whioh air has beeai aspirated is -withdrawn from the sterile case, care 
being taken only to handle it by the extremity (B), (fig. 1). A scratch is made with a 
file intermediate between the plugs (a) and (6), and the tube carefully broken across. 
The second half, containing plugs (6) and (c), is carefully laid aside on a sterile 
support, whilst the first half is held between the thumb and first finger at the 
constriction, and the broken edge passed two or three times through a Bunsen flame, 
care being that the heat does not reach the plug. The cotton-wool stopper of 

one of ti hft is now withdrawn, and the extremity (A) of the tube is held 

vertically over the open flask, whilst the plug is carefully pushed down by means of a 
strong piece of sterilised copper wire, introduced from behind through the broken end 
of the tube. The plug fallfl into the flask, and the cotton-wool stopper is replaced. 
The second half of the tube is now taken in hand, and the broken extremity car^ 
fully passed several tim^ throngh the flame. The plug (o), at the extremity (B), is 
now -withdrawn by means of a hooked -wire, and this end also passed tlu'ough the 
fluTTiA The plug (6) is then transferred to a second flask, in the same manner as has 
been described for (a). 

The plug of the control-tube is similaxly transferred to a third flask, -tbe cotton-w-ool 
plug at the back end having been previously hooked out by means of a wire, and the 
broken end passed through the flame. 

The gelatine in each flask is then agitated -with the plug by means of a rotatory 
movement, which, whilst rapidly and completely disintegrating idle ping, does not 
cause the gdatine to flrath. In a few minutes the plug is quite broken up, in the 
of the sugar plugs everything but the glass-wool skdeton passing into solution. 
The is now held almost horizontally under a stream of water, and by -uniformly 
rotating it an almost perfectly even film of gelatine is spread over its inner surface. 
The sucoessfiil spreading of the gelatine requires a little practice, and it is necessary 
that the stream of -water should be suffidently cold, otherwise the gelatine forms 
lumps ; on this account, in summer iced water has generally to he used. 

It is heat to allow the -flaakH thus coated internally to r em ai n for an hour or so in a 
cool place. They are then placed under a bell-jar, the internal air of which is k^t 
saturated with moisture by means of blotting-paper soaked in water. The flasks are 
allowed to incubate at a temperature of about 22° 0. for a period of 4-5 days. The 
development of the colonies tak^ place rather more slowly -than in Hbsse’s tubes, 
which is, doubtless, due to the feet tiiat the organisms, not being q^uite on the surfece 
of the gelatine, must first grow up to the surface before a colony of any considerahle 
dimAnmoTia can he formed. The accompanying photographs ♦ illusfcrate the appear- 
ance of -these after proper incahation. The counting of the colonies is effected 
-with g;reat by dividing the flask -with ink into segments, and holding them up 
agdnst the li^rt. 


* I indciitad to Mr. OUxaoSOS for bs IdudiieBS ia ezaoatiiig tbeao pbotograpliB for me. 
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rig. 3. 



Ty.TPTi!B.T\ngWTAT. BeSTJLTS OBTAINED BY FlASK MeTHOD. 

In the first instance a nnmber of eEperiments were made with tubes containing 
only a single plug, the construction of which was varied for pxirposes of comparison. 

Single Plug Pxjpenments. 

I. Lahoratorg toir^ovo (same as above). September 18, 1886. Wind S.E., strong, 
variable in strength and direction. No recent rain. Eoads watered in street 
below. 15“‘l C. 

No. 1. 2Ywie.— 11.40 a.m:. to 12.10 p.m. 

YoVmxe of air = SO litres. 

Construction of pZup.— Sugared glass-wool and sugar-powder. 

Rate. — 3*6 strokes per minute. 

. « 7 189 moulds. 

Colonies in jktsk, 131 1 q # 

Control-tube containing plu| of sugared glass-wool. — Colonies in flask, 0. 

No. 2. Time . — 12.26 p.m. to 1.3 P.JI. 

Volume of air = 30 litres. 

Constmetion of pfop.— Sugared glass-wool and sugar-powder. 

* ]iq. = Colooies oansiiig liqiiefBciioti of Qie geiaiiae. 

8 2 
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Rate. — 3-2 strokes per minute. 

. _ _ r 112 moulds. 

Colonies in flask, 130 1 ^ 

Control-tuhe contaimng plug of sugaxed glass-vooL — Colonies in flask, 1. 

. . , , , , ^ • [No. 1, 44 colonies. 

10 litres of air yielded, th&refore, in 

n. Roof of Science Schools. September 21, 1886. Wind N.E., very strong, variable 
in strength and direction. No recent rain. Roads watered. 

No. 1. nme.~-l.50 p.m. to 2.25 p.m. 0. 

Volvme of air =s 30 litres. 

Construction of fllmg. — Sugared glass-wool and sugar-powder. 

RaOe. — 2*9 strokes per minute. 

fSl motilds. 

Colonies in fiasTc, 125 1 ^ 

Control-tuhe containing plug of sugared glass-wool and sugar-powder.— 

. r2 moulds. 

Colonies in flask, ^ 

No. 2. Tvme.—2M p.m. to 2.57 P-M. 16“*5 C. 

Volume of air = 80 litres. 

Construction of plug. — Sugared glass-wool only. 

Rate. — 4-9 strokes per minute. 

, r54 moulds. 

Colonies in flash, 75 1 ^ 

No control-tube. 

No. 3. Time. — 8.0 P.M:. to 8.45 P.M. 14°‘5 C. 

VcAu/me of aa/r = SO litres. 

Construction of plug. — Sugaxed glass-wool and sugar-powder. 

Rate. — 2-5 strokes per minute. 

rt 7 • ■ T moulds. 

Colonies in flash, 79 1 

No control-tube. 

No. 1, 40 colonies. 

10 Hires of air yielded, dterefore, in *< No. 2, 26 „ 

No. 3, 26 „ 


m. Roof of Soienoe i^diools. September 22, 1886. Wind N.E., strong and 
vBziable. No recent rain. Beads 'watered. 

No. 1. Time. — 11.82 iuiL to 12.6 pjc. 

FoZume of air r= 30 litres. 

Construction of Plug . — Sugared glass-wobl and sugar-powder. 
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Bate. — 3'1 strokes per minute. 

' . - , [40 moulds. 

Golomes in jlask, 81 1 

Control-tvhe containing plug of sugared glass-wool and sugar-powder. — 

Colonies in flask, i^o^ds. 

LO liq. 

No. 2. Time.—\%Vr to 12.48 P.M. 

Volume of avr = 30 litres. 

Construction of plug. — Sugared glass-wool and sugar-powder. 

Bate. — 3 '3 strokes per minute. 

- _ , r34 moulds. 

Colonies in flask, 64 1 ^ 

No control-tube, the above being considered applicable. 

No. 3. Time, — 2.42 to 4.20 P.M. 

Volume of air — 60 litres. 

Construction of plug. — Sugared glass-wool and sugar-powder. 

Bate. — 2*4 strokes per minute. 

. , r92 moulds. 

Colonies in jlask, 139 | q 

Control-tube containing sugared glass-wool and sugar-powder. — 

- . f 5 moulds. 

Colonies in flask, |q 

No. 4. Time. — 4.25 to 5 p.m. 

Volume of air = 30 litres. 

Con^rucUon of plug. — Sugared glass-wool and sugar-powder. 

Bate, — 3*4 strokes per minute. 

. [42 moulds. 

Colonies in flask, 89 1 ^ 

No control-tube, but half the colonies found in control to No. 3 consideted 
applicable, viz., 8. 

^No. 1 (monuDg) 25 coloniea 


10 l^res of air yielded, Aer^ore, in 


No. 2 „ 20 

No. 3 (afternoon) 20 
No. 4 „ 27 


IV. Laboratory Mm. Ootobw 4, 1886. Na 1 and No. 2 alternated in 

tion. 8.11 rx. to 8.17 P.B. Wind S.E., raj gonde. constant in dneobon. 
No rrecent rain. 25“*6 C. 

No. 1. Volume of air = 24 lifaas. 

Construotion of plug . — Sugared glass-wool only. 
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Bate. — 5 strokes per minute. (Tube was exposed 18 minutes ) 

. y, T 67 moulds. 

Cohmee injktsk, 139| ^ 

No. 2. Volume of air — 24 litres. 

ConstrvMion of plug. — Glass-wool only^. 

Bate. — 6‘6 strokes per minute. (Tube exposed 12 minutea) 

f68 moulds. 

Cdonies in fash, 164|” J ^ 

CcmtroUule to Nos. 1 and 2 contained plug of sugared glass-wool only ; it 
was exposed 67 minutes, but, as tbe flask contained only one colony, 
nothing need be subtracted from the results of Nos. 1 and 2, as they 
were only exposed 18 and 12 minutes respectively. 

Nos. 3 and 4 were alternated in aspiration 3.34 p.m to 4.7 p.m. 

No. 3. Vdvme o/ air = 18 litres. 

Construction of plug. — Sugared glass-wool only. 

Bate. — 4 3 strokes per minute. (Tube exposed 14 minutes.) 

r72 moulds. 

Colonies in flask, 114 ^ 

No. 4. Yolwne of air — 18 litres. 

Comstrmtion of plug. — Glass-wool only. 

Bate. — 6 "6 strokes per minute. (Tube exposed 11 '5 minutes.) 

n 1 ■ • jj 1 -,,,[69 moulds. 

Colonies in flask, 117| ^ 

Control-tuhe for Noa 3 and 4 with sugared glass-wool plug gave colonies in 
flask 0. 

No. 1, 58 (xflonies. 


10 litres of air yielded, therefore, in 


No. 2, 68 
No. 8, 63 
No. 4, 65 


The above experiments tend to show that the plugs employed arrested the whole 
of the oi^ganisms, since in comparative experiments the more impervious plugs did not 
yield a larger number of colonies on cultivation than the more pervious onea It was, 
however, deemed advisable in fturtiier experiments to have in each case a guarantee 
that all organisms were stopped, and for this purpose the doubly-plugged tubes, 
wHich have been already described, were constructed and invariably used in my later 
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Experiments muh Doubly Plugged Tubbs. 

I. Roof of Science Schools. September 23, 1886. Wind K. by N.W., fairly strong, 
vaxiable in direction. No recent rain. Nos. 1 and 2 were alternated in aspiration. 
2.48 P.M. to 4.56 F.M. 

No. 1. Vdume of air = 30 litres. 

Coiisti'uetion of plugs. — (a) Sugared glass-wool only. 

(6) Sugared glass-wool and sugar-powder. 

Rate. — 2’5 strokes per minute. (Tube exposed 47 minutes.) 

Colonies in flash — (a) 

( 6 ) 0 . 

No. 2. Volume of air — 2,7 litres. 

Construction of plugs.— (a) Sugared glass-wool only. 

(6) Sugared glass-wool and sugar-powder. 

Roite. — 1*4 stroke per minute. (Tube exposed 66 minutes.) 

r36 moulds. 

Colonies in flask. — (a) 10 0| ^ 

( 6 ) 0 . 

Conirol-tube, containing plug of sugared glass-wool only, was exposed during 
81 minutes : — 

. fO mould. 

Colonies in jBask, 1-2 

This corresponds to 1 organism felling on the plug in 7 minutes; from 
the result of No. 1, 47 -h 7 = 7 must be subtracted, and, from No. 2, 
6^ 4 - 7 = 9 colonies, since tube No. 1 was exposed 47 and No. 2 
66 minutes. 

. . „ , , - . fNo. 1, 29 colonies. 

10 litres of air ymaed, therefore, %n ^ 


n. Roof of Science Schools. September 28, 1886. Wind S.W. by W., variable in 
direcidon, gentla Dust blowing about in street below. 17^-16° C. Noa 1 and 2 
alternated in aspiration. 8.40 P.M. to 4.58 P.M. 

No. 1. Volume of air = 24 litres. 

Construction of plugs. — (a) Sugared glass-wool only. 

(6) Sug^med glass-wool and sugar powder. 

Mate. — 2*8 strokes per minute. (Tube exposed 29 minutea) 

, ^ f47 moulds. 

Colonies in flash — (a) q 

(&) Lost 
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No- 2. Volume of air = 24 litres. 

Construction of plugs.— {a) Sugared glass-wool only. 

(6) Sugared glass-wool and sugar-powder. 

ItaU.—2-2 strokes per minute. (Tube exposed 82 minutes.) 

{ 57 moulds, 

0 Hq 

(&) 3 (all moulds). 

Control-tube, containing plug of sugared glass-wool and sugar-powder, 
exposed 78 minutes. 

rS moulds. 

Colonies in flask, 

This corresponds to 1 organism gaining access to plug in 16 minutes ; 

2 eolo ni«w> may, therefore, be subtracted from the colonies obtained both 

in No. 1 and No. 2 ; thus 

. . 77 j • fNo. 1, 25 colonies. 

10 litres of air yietaea g gS 

III. Laboratory October 5, 1886. Wind S. by S.W., fairly strong ; very 

variable in strength and direction. No recent rain. 3.26 P.M. to 5.11 p.m. 
23“ C. 

Convparison between glass-wool and svgared glass-wool plugs. 

Nos. 1 and 2 alternated in a^iration. 

No. 1. Volume of air — 15 litres. 

Construction of plugs . — (a) Sugared glass-wool only. 

(6) Sugared glass-wool and sugar-powder. 

Rate. — I’S strokes per minute. (Tube exposed 40 minutes.) 

. . ji T / \ -„f50 moulds. 

Golomes in flasks. — (a) 58| ^ 

(&) 0 . 

No. 2. Vohme qf air = 15 litrea 

Construction of plugs . — (a) Glass-wool ordy. 

(6) Sugared glass-wool and sugar-powder. 

Rode. — 1*2 steokes per minute. (Tube exposed 44 minutes.) 

Colonies in flasks . — (a) 

( 6 ) 0 . 

Oonirol-tube containing plug of sugared glass-wool only was exposed during 
50 minutes : — 

Odoniee in flask, 4^^ 

This QOxieqKouds to 1 co^amsm gaining access to plug in 12*5 minutes ; 



THE MIORO-ORGAJJISMS PRESENT IN THE ATilOSPHERE. 


3 colonies must therefore be subteacted from No. J and 4 from 2. 
Thus 

10 litres of air yielded, therefore, \ (g^3) W 


IV. Roof of Science Schools. October 8, 1886. Wind S.W., reiif gentle. Road-s 
wet, pavement dry. 4.46 P.ii. to 5.34 p.m, 15“'6 C. 

Comparison hetu'eea glass mid sugar plugs. 

No. 1. Volume of air =18 litres. 

Construction of plugs. — (a) Glass wool only. 

(b) Sugared glass-wool and sugar-powder. 

Rate. — 5 ’7 strokes per minute. (Tube exposed 11 minutes.) 

Colonies in flasks. — (a) 25 i^ulds. 

(&) 0 . 

No. 2. Volume of air = 21 litres. 

Construction of plugs.-~{a) Sugared glass-wool only. 

(h) Sugared glass-wool and sugar-powder. 

Jiate. — 5 '7 strokes per minute. (Tube exposed 15 minutes.) 

. . /, 7 /V -f 16 moulds. 

Colonies in flasks. — (a) 22 1 ^ j.^ 

( 6 ) 0 . 

Control-tuhe, containing plug of sugared glass-wool only, exposed 53 minutes; 
fUusk contained 0 colonies. 

, [No. 1 (glass-wool), 14 colonies. 

10 litres of air yielded, therefore, tu ^ (sugar-wool), 10 ., 

Y. Noi'th Chemical Laboratory. October 9, 1886. After departure of students. 
Empty. 5.26 P.M. to 6.8 P.m. Nos. 1 and 2 alternated in aspiration 

No. 1. Volume of air = 18 litrea 

Construction of plugs, — (a) Glass-icool only. 

{h) Sugared glass-wool and sugar-powder. 

Rate.~5'7 strokes per minute. (Tube exposed 12 minutes.) 

(48 moulds. 

Colonies inflad^. — (a) 63 1 ^ j.^ 

,,, (2 moulds. 

noKq. 

No. 2. Volume of air — 18 litres. 

Construc^on of plugs. — (ot) Sugared glass-ioooL 

(J) Sugared glaffl-wool and sugar-powder. 


MDCCOLXXXVIT. — B. 
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Rate. — 5 ’*! strokes per xainute. (Tube exposed 12 minutes.) 

^ , . . j, 1 / \ f 59 moulds. 

Colonies in jlasis. — {a) 69 1 ^ ^ 

(b) 0. 

Control-tiibe, contamiug pliJg of sugared glass-wool only, exposed 44 minutes ; 
flask contained 0 colonies. 


10 litres of air yielded, therefore, in 


jNo. 1 (glass-wool), 31 colonic. 
iNo. 2 (sugar-wool), 38 „ 


VI. Roof of Sdence Schools. October 11, 1886. Wind S.W., very gentle. Koads 
wet, pavement dry. IS^'S 0. Comparison between two sugar plugs, one of 
• which had become partially converted into caramel in sterilisation; the two 
tubes were alternated in aspiration. 4.34 p.m. to 5.21 P.M. 


No. 1. Volume of air = 21 litres. 

Construction of plugs. — (a) Sugared glass-wool (not charred). 

(6) Sugared glass-wool and sugar-powder. 

Rat€.-~^G’6 strokes per minute, (Tube exposed 13 minutes.) 

^7 • • j 7 / 7 „„ 125 moulds. 

Colonies in flasks. — (a) 82 1 ^ j.^ 


No. 2. Volume of air = 21 litres. 

Commotion of plugs. — (a) Sugared glass-wool (partly charred). 

(&) Sugared glass-wool and sugar^powder. 

Rate. — 4 strokes per minute. (Tube exposed 19 minutes.) 

Colonies in flasks. — (a) moulds. 

( 6 ) 0 . 

C<mtrol-tuhe, containing plug of sugared glass-wool only, exposed 51 
minutes 


Colonies in flask, 17 moulds. 

I Oliq. 

This corresponchi to I oo^anism in S minutes gaining access to the 
plugs; 4 colonies must, therefore, be subtracted from No. 1, and 
6 colonies from No. 2. Thus 


10 litres of owp yidded, dierefore, in 


No. 1, 15 colonies. 
No. 2, 16 
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VII. Roof of Science Schools. October 13, 1886. Wind W. by S.W., strong, but 
constant. Mucb rain during day and night previous. 10“'6 C. 4.47 r.3i. to 
5.30 P.M. Comparison between glass and sugar plugs. Tubes alternated in 
aspiration. 


No. 1. Volu7ne of air = 24 litres. 

OonstrucHon of plugs. — (a) Sugared glass-tcool. 

(6) Sugared glass-wool and sugar-powder. 
Rente . — 5 strokes per minute. (Tube exposed 17 minutes.) 


Colonies in 


flasks. — (o) 38 1 
( 6 ) 0 . 


22 moulds. 
0 liq. 


No. 2. Vohms of air — 27 litres. 

Construction of plugs . — (a) Glass-tcool only. 

(6) Sugared glass-wool and sugar-powder. 
Rate. — 7*2 strokes per minute. (Tube exposed 14 minutes.) 


Colonies in 


flasks . — (a) 61 1 
(&) 0 . 


39 moulds, 
lliq. 


Control-tube, containing sugared glass-wool plvig, exposed 46 minutes: — 
Colonies in dask, 0. 


10 litres of air yielded, therefore, in | 


No. 1 (sugar-wool), 16 coloniea 
No. 2 (glass-wool), 23 „ 


Vm. Roof of Science Schools. October 14, 1886. Wind W. by S.W. Moderate. 
Constant in direction. Hoads wet, pavement dry. 4.8 p.ii. to 4.66 P.M. 
12“-2 C. Comparison between glass and sugar ^u^ Tubes alternated in 
aspiration. 


No. 1. Volume of air — 24 litres. 

Consti'tiction of plugs . — (a) Glass-wool only, 

(6) Sugared glass-wool and sugar-powder. 
I^te. — 6*6 strokes per minute. (Tube exposed 13 minutea) 


Colonies in 


flitsks. — (a) 44| 


23 moulds. 
0 liq. 



1 mould. 
0 liq. 


No, 2. Volume of air — 24 litrea 

Construction of plugs.— {a) Sugared glass-wool. 

(b) Sugared glass-wool and sugar-powder. 
Rate . — 5 strokes per minute. (Tube exposed 16 minutea) 

T 2 
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Colonies in 


Jlashs. — (a) 62 1 

(J) 0. 


47 moulds. 
1 liq. 


Control-tule, containing plug of sugared glass-wool, exposed 50 minutes. 


Colonies in £a&k, 0. 

10 litres of air yielded, therefore, in 


jNo. 1 (glass-wool), 18 colonies. 
iNo. 2 (sugar-wool), 26 „ 


The experiments recorded above show that when doubly plugged tubes are 
employed the organisms are almost iovariably arrested by the first plug, and t^t 
the second or (&) plug only occasionally yields any, and then very few-, colonies, 
although in all cases the second plug was constructed of a far more impervious 
material than the first plug, by introducing powder in addition to wool into its 
composition. 

The results obtained "with the control-tubes, which were in each case simultaneously 
exposed, show that the number of organisms gaining access to the tubes, irrespectively 
of aspiration, is, in general, nil, or at most forms a very small fraction of the 
number collected by aspiration in the same time. The exposure of these control- 
tubes involves very little additional trouble, and should be invariably resorted to, and 
if any organisms are found in them a simple correction can be made, as has been done 
in the above experimen-ts. 

As r^ards the most advantageous construction of the front or (a) plugs, it would 
appear that there is nothing to choose between simple glass-wool and sugared glass- 
wool as regards th ei r power of arresting the organisms, whilst the sugared wool leaves 
the gelatine-film in the fiask rather clearer ; but this slight difference is of no material 
consequence. 

Ootnpa/risou of Flash-Method with Hesse’s Method. 

Having found that -the results obtained by means of the new flask-method were 
very concordant inter ae, it became of interest to institute a comparison between the 
results yielded by this method and those by Efessi^B apparatus under preoisely similar 
conditions. 

There is an interest attaching to this compaiison entirely apart fimm the question of 
which of the two processes is most reliable in the results which it yields, or of which 
is wiwf -. advantageous for practical purposes, for by a comparison of the results obtained 
by the two methods it is postible to ascertain whether the living organisms suspended in 
air are in an isolated state, or whether they are present in aggregated masses. Hesse’s 
reseanhes show that the suspended o^anisms of the air are spetifioally isolated, that 
is to say, that oiganiaixis of two or more different kinds are not found adhering 
together, for the individual colonies which result fram their deposition in his tubes, or 
on the muface of any sohd median^ are pure coltiyatious and not mixtures of organisms. 
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My experience is entirely in accord with Hesse’s observations on this point. It is 
obvious, however, that any individual colony in Hesse’s tubes may result either from 
the deposition of a single organism or from the deposition of an aggregate of organisms 
of one and the same Idnd. Now, in the new method described above, any aggregates 
of this kind would, in the process of agitating the plug -with the gelatine, become 
broken up, and a number of colonies would result from that which, in Hesse s method, 
would yidd a single colony only. In comparing the two methods, there was, therefore, 
no dp^'iori reason for anticipating that the results obtained should bear any similarity 
to each other, and, since there is nothing to render the existence of such aggregates 
improbable, it would not have been at all smprising to find the number of colonies 
yidded by the flask-method in excess, and even very largely in excess, of the 
number obtained by Hesse’s apparatus from the same volume of the same air. 

A number of experiments were carried out with this double object in view, the 
results of which are recorded bdow. 


I. Roof of Soieyice Schools. September 24, 1886. Wind N.W., very gentle, but 
variable in strength and direction. No i-ecent rain. Eoads watered, pavement 
dry. 12®‘8C. 


No. 1. Time. — 3.1 to 8.20 p.m. 

Flash-method. — (Single plug.) 

Volume of air = 12 litres. 

Construction (f plug. — Sugared glass-wool and sugar-powder. 

Rat6.—2‘2 strokes per minute. (Tube exposed 19 minutea) 

. /. T „ moulda 

Colonies vnflaiK, 37 1 

Control tubCt containing plug of sugared glass-wool and sugar-powder, 
exposed the whole time occupied by No. 1. 

Colonies in flask, 0. 

No. 2. Hesse’s method. 

Tme.—Z.Z0 p.m. to 4.20 p.m. 

Volume of air =12 litres. 

r21 moulds. 

Tuhe contained 71 oolanies | 2 liq 

r7 moulds. 

Control-tube contained 36 colomes|^ 


II. Roof of Science Schools. September 25, 1886. Wind S.W., very gentle. o 
recent rain, roads watered, pavement dry, 12*'S 0. 

No. 1. Time.— 5.55 p.m. to 6.0 p.m. Flash method (single plug). 

Volume of air = 18 litres. 

Ciwtfmtfwn of p?uy.-Sagai«d glaB-iruol aid sngw-powder. 
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iEafft— 2*5 strokes per minute. 

r25 moulds. 

Colonies injlash, 39 1 ^ j.^ 

Control tube, containing plug of sugared glass-wool and sugar-powder, 
e^osed the whole time occupied by STo. 1. 

GJolonies in flask, 0. 

12 litres of air yielded,, therefyt'e, 22 colonies. 


No. 2. Hesse’s me&iod. 

Time . — 6.20 p.m. to 7.15 p.m. 
Volume of air — 12 litres. 


Tube contained 32 colonies 


4 


19 moulds. 
iKq. 


Control-tube contained 16 colonies 


5 moulds. 

I Hq. 


IIT. Chemical Laboiatory. October 15, 1886. Shortly after students had left. 
4.50 P.M. to 5.82 P-M. le^-O C. 

Nos. 1 and 2. Flask mcifeoc?.— (Double plugs.) 

No. 3. Hesse’s met1u)d. 

Nos. 1 and 2 were alternated in aspiration. No. 8 simultaneously aspirated 
in dose proximity, the tubes being inclined at the same angle. 


No. 1. Volume of air = 24 litres. 

Constniction of '[dugs. — (a) Glass-wool only. 

* (6) Sugared glass-wool and sugar-powder. 

Rais . — 8 strokes per minute. (Tube exposed 12 minutes.) 

, ^ ^ r40 moTjlds. 

Colonies in fasks . — (a) 73| ^ 

(Jb) 1 mould. 


No. 2. Volume of air = 18 litres 

Constiruction of plugs. — (a) Sugared gkas-wooL 

(6) Sugared glass-wool and sugar-powder. 

Bate. — 7*3 strokes per minute. (Tube exposed 9 minutes.) 

^ y ■ ■ n 1 /V .„f28 moulds. 

CobniBs in fiasks. — (a) 48 1 ^ 

' • (&) 2 moulds. 

Oonirolrtvhe, containing plug of sugared glass-wool only, exposed 46 minutes. 
.OolonieB in flask, 0. 

X • • Tj j ...ff • fNo. 1 (glass-wool), 31 colonies. 
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No. 3. Hesse’s method. 

Time. — 4.50 p.m. to 5.35 p.m. 
Volume of air = 10 litres. 


Colonies in tube 


controUtuhe 




16 moulds. 

Hq. 

2 moulds. 
Oliq. 


IV. Nbith Chemical Lcdwratory. October 16, 1886. Saturday afternoon; quite 
empty, and only a few (12) students bad been working in the morning. 2.3 P.ar. 
to 2.35 P.M. 16°"9 C. 

Nos. 1 and 2. JFlash medtod. — (Double plugs.) 

No. 3. Hesse’s method. 

Nos- 1 and 2 were alternated in aspiration; No. 3 was simultaneously 
aspirated in dose proximity, the tubes being indined at the same 
angle. 

No. 1. Volume of air =18 litres. 

Conduction of plugs. — (a) Glass-wool only. 

(&) Sugared glass-wool and sugar-powder. 

Jtate. — 6*3 strokes per minute. (Tube exposed 14 minutes.) 

r 22 moulds. 

Colonies in Jlasks. — (a) 35 1 ^ j.^ 

(h) 1 mould. 

No. 2. Volume of air = 12 litres. 

Construction of plugs. — (a) Sugared glass-wool. 

(6) Sugared glass-wool and sugar-powder. 

Mate. — 5 strokes per minute. (Tube exposed 8 minutes.) 

fl4 moulds. 

Colonies in fiasks. — (a) 26 1 ^ 

(h) 0. 

Control-tube, containing plug of sugared glass-wool, exposed 37 minutes : 

Colonies in flask, 0. « , « i • 

. fNo. 1 (glass-wool), 18 colonies. 

9 litres of air yielded, therefore, ^ (sugar-wool), 20 „ 

No. 3. Hesse’s method. 


Volume of air = 9 litres. 
Colonies in tube . . 




contraltube . ^ | ^ 


11 moulds, 
lliq. 

1 mould. 


* Aliquefying colony had apiaad coDsideraUy, and may therefore have ohliteraied aome of the 
ottew, and the leanlt », therofope, probably somewhat too low. 
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V. Boof of Saence Schools. October 19, 1886. Wind S.E„ gentle, constant in 
direction. Bain during morning, roads wet, roof and pavement nearly dry. 
4.58 P.M. to 5.S2 P.M. 

Nos. 1 and 2. Flask (Double plugs.) 

No. 8. Hesse’s method. 

Nos, 1 and 2 alternated in aspiration. No. 3 aspimted simultaneously in 
close proximity, and with tlie tubes inclined at tdie same angle. 


No. 1. Flask method. 

Volume of air ^ 18 litres. 

Construction of plugs. — (a) Glass-wool only. 

(6) Sugared glass-wool and sugar-powdei*. 

Rate.—B strokes per minute. (Tube exposed 9 minutes.) 

. • [42 moulds. 

Colonies vn flasks. — (a) 53 1 ^ 

( 6 ) 0 . 

No. 2. FUisk method. 

Volume of air = 18 litres. 

Construction of plugs. — (a) Sugared glass-wool. 

(6) Sugared glass-wool and sugar-powder. 

Rate. — 5 strokes per minute. (Tube exposed J 3 minutes.) 

r24 moulds. 

Colonies in flasks. — (a) 56 1 ^ j.^ 

( 6 ) 0 . ■ 

Control~ivbe, containing plug of sugared glass-wool, exposed 36 minutes : 
Colonies in £ask, 0. 

.. . fNo. 1 (glass-wool), 27 colonies. 

9 litreaofairytelded^therefore, ^ (eugar-wool), 28 „ 

No. 3. Hbebei’b method. 

Volume of air = 9 litres. 

Colonies in tube . . . 

„ cmtrol-tuhe . 


16 moulds, 
liq. 

2* moulds. 




TL Roof <f Science Schools. October 20, 1886. Wind W. by S.W:, gentle, but 
increasing during experiment ; roads wet, pavement dry. Bain during previous 
ni^t. 12®‘8 C. 

Nos. 1 and 2. Flask method . — (Double plugs.) 

No. 3. HssBsfa method. 

Nos. 1 and 2 alternated in aspiration ; No. 8 aspirated simultaneously in 
close proximity, the tubes being inclined at the same angle. 


• This tuTw was somswlnili orwcgroim ty a Rqnafjring colony, bo that this result is probably too low. 
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No. 1. Flask mtAkod. 

Volume of air = 24 litres. 

Constru.cfiion of plugs. — (a) Glass-wool only. 

(&) Sugared glass-wool and sugar-powder. 
/Ecrfe. — 8 strokes per minute. (Tube exposed 11 minutes.) 

Colonies in flasks — («) 45 moulds. 

(&) 0 . 


No. 2. Flask method. 

Volume of air =18 litres. 

Construction of •plugs. — (a) Sugared glass-wooL 

(&) Sugared glass-wool and sugar- powder. 
Bate. — 6*6 strokes per minute. (Tube exposed 11 minutes.) 

Colonies in flasks . — (a) 26 

(&) 0 . 


19 moulds. 
0 liq. 


Control-tube, containing plug of sugared glass-wool, exposed 43 minute : 


Colonies in flask, 1 mould. 


10 litres of air yielded, therrfore, 


No. 1 (glass-wool), 19 colonies. 
No. 2 (sugar- wool), 14 „ 


No. 3. Hesse’s method. 

Volume of air = 10 litres. 

f 20 moulds. 

Colonies in Uibe, 26 1 ^ 

„ control-tube^ Lost through spread of liquefying colony, but 
several other colonies were visible. 


VJI Roof of Science Schools. October 22, 1886. Wind S.W., changing to W.; very 
gentle, but variable. Roads wet, roof still wet in placffi fmm heavy dew. 
Foggy morning, which bad cleared to sunshine. 9°'4 C. 10.44 A.M. to 
11.25 A.M. 

Nos. 1 and 2. Flask method . — (Double plugs.) 

No. 3. Hesse’s meBiad. 

Nos. 1 and 2^were alternated in aspiration. No. 3 was aspirated ramul- 
tarxeously’ in dose proximity, the tubes being indmed at the same angle. 

No, 1. Fla^ method. 

Volume of air = 18 litres. 

Oonstrudion of plugs. — (a) Glass- wod only. 

(&) Sugared g^asa-wool and sugar-powder. 

r 


MDCKXJLXXXVn. — 
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Rate. — 8*6 strokes per roinute. (Tube exposed 18 mmutes.) 

. . 7 / \ ,^[9 moulds. 

Colonies in flasks. — {a) 1' 

( 6 ) 0 . 

No. 2. Flash method. 

Volume of air =12 litres. 

Construction of pings.— {a) Sugared glass-wool. 

(6) Sugared glass-wool and sugar-powder. 
Bate. — ^2-9 strokes per minute. (Tube exposed 14 nunutes.) 

r6 moulds. 

Colonies in flashs. — (a) 

( 6 ) 0 . 

. rNo. 1 (glass-wool), 1 0 colonies. 
11 litres of anr yiddM, therefore, ^ (sugar-wool), 12 

No. 3. Hesse’s method. 

Volume of air = 11 litres. 

, ri3 moulds. 

Colonies in tube, 18-1 


0 liq. 


2 moulds. 


r2 moi 

control tube, 10 1 , .. 

1 1 kq. 


Vin. Boof of Science Schools. October 25, 1886. Wind E. ; verj strong and gusty, 
but feirly constant in direction. Hain earlier in the morning. Roads wet, 
pavement dry, roof damp. 11°‘3 C. 10.44 A.M. to 11.26 A.M. 

Nos. 1 and 2. Flash method . — (Double plugs.) 

No. 3. Hesss^s method. 

Nos, 1 and 2 were alternated in aspiration; No. 8 was aspii-ated stmul- 
taneoucOy in close proximity, the tubes bmng, inclined at the same 
angle. 


No. 1. Flash method. 

Volume of air = 18 litres. 

Construction of plugs. — (a) Glass-wool only. 

(6) Sugared glass-wool and sugar-powder. 
Bate . — 5 strokes per minute. (Tube exposed 15 minutes.) 

Colonies in flades . — (®) 


(6) Lost. 

No. 2. Fia^ method. 

Vebme of air = 18 litres. 

Construction of plugs, — (a) Sugared glass-wool. 

(h) Sugared glass-wool and sugar-powder. 
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Rate . — 57 strokes per minute. (Tube exposed 13 minutes.) 

. . „ , , X f20 moulds. 

Cohmes in flasks. — (a) 43 1 

( 6 ) 0 . 

Control-tube, containing plug of sugared glass-wool, exposed 43 minutes. 

„ , . . « 1 , fO moulds. 

Colonies in flask, l^^ 

. rNo, 1 (glass-wool), 21 colonies. 

10 Hires of air yielded, therefore, in (gugar-wool). 24 „ 


No. 3. Hesse’s meiAod. 

Volume of air i=. 10 litres. 

Colonies in tube ... 6! 


, r*25 moulds. 

tube. . . 68 I 

» iL H w* r 3 moulds. 
control-tube 17*| j. 


TY (fliemical Lcd)oratory (ipn-rate). October 27, 1886. Windoi\^ and door do , 

3 persons in room, but not moving about. 10.59 a.m. to 11.54 A.3r. 16 9 . 
Nos. 1 and 2. Flask method.— (Douhle plugs.) 

No. 3. Hesse’s method. ^ i • 

Nos. 1 and 2 alternated in aspiration ; No. 3 aspirated simultaneously in 

close proximity. 

No. 1. Flask method. 

Volume of air = 18 litres. 

Construction of plugs.— (a) Sugared glass-wooL 

(6) Sugared glass-wool and sugar-powder. 

jiate. — 5-8 strokes per minute. (Tube exposed 12 minutes.) 

, , f40 moulds. 


Colonies in flasks. — (a) 55 1 


Oliq. 


(b) 3 moulds. 

No. 2. Flask method. 

Volume of air =18 litres. 

Construction of plugs.— (a) Glass-wool only. 

(6) Sugared glai*s-wool and sugar-powder. 

Rau.—1'% strokes per minute. (Tube exposed 10 mmutes.) 

rS7 moulds. 

Colonies in flasks. — (a) 55j 

r 2 moulds. 

Oliq. 

T7 2 
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Control-tube, containing plug of sugared glass-wool, exposed 41 minutes : - 

Colonies in flask, 0. „ , . 

. rNo. 1 (sugar-wool), 32 colomes. 

10 litres of air yveUed, therefore, ^ (glasa-wool), 33 ,. 


No. 8. Hesse’s method. 


Volume of air = 10 litres. 
Colonies in tube ... 32 

,, control-tube 2 


{ 

{ 


14 moulds, 
lliq. 

1 mould. 
0 liq. 


X. Roof of Soimee Schools. October 29, 1886. Wind S.W., gentle, with occasional 
gusts ; fairly constant in direction. Hoads and pavement wet. Hoof still damp 
from previous rain. 16°’3 0. 10.51 A.M. to 11.38 a.m:. 

No. 1. Flash method,— {Bovihle plugs.) 

No. 2. „ (Lost.) 

No. 3. Hesse’s method. 

Nos. 1 a nd 2 were alternated in aspiration; No. 3 was simultaneously 
aspirated in close proximity, the tubes being inclined at the same angle. 


No. 1. Flash method. 

Volume of air = 18 litres. 

Construction of plugs. — (a) Glass-wool only. 

(6) Sugared glass-wool and sugar-powder. 

Sate. — 3*6 strokes per minute. (Tube exposed 17 minutes.) 

Colonies in Jlashs. — (a) 301^^™°^^*^’ 

(b) 0. 

Control-tube, containing plug of sugared glass-wool, exposed 49 minutes : — 
Colonies in flask, ^dlds. 

12 litres of air yidded, therefore, in No. 1, 20 colonies. 


No. 3. Hesse’s method. 

Volume (?/■ air = 12 litres. 


Colonies in tube , . . 
„ control-tube . 


35 

6 


{ 

{ 


12 moulds. 
1 liq. 

3 moulds, 
0 liq. 


These experiiaents clearly demonstrate that the results obtained by the flask 
meUiod and by HjBSsaBfB method are in remarkable concord when the experiments are 
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performed in-doore, or on very calm days out-of-doors, whilst when performed in a 
disturbed atmosphere, more especially when the direction of the wind is variable, or, 
what amounts to the same thing, when the number of colonies in the control-tube, 
which I employ with Hbssb’s apparatus, amounts to a considerable fraction of the 
number found in the HimaTi’. tube through which air has been aspirated, the results 
obtmned by Hbssb’s method are markedly in excess of those obtained by the flask 
method. 

The only conclusion with regard to Hesse’s method which can be drawn finm the 
issue of these experiments is this, that in undisturbed air it yields results which can 
lay Aln-irn to a fair degree of accuracy, but that when the atmosphere is disturbed, 
more especially by currents variable in direction, the results are often very considerably 
above the truth. For practical purposes, therefore, it may be taken that when a 
control-HassB-tube, such as I have employed, yields practically no colonies the result 
by Hbssb’s method is accurate, but that when such a tube yields a considerable 
number of colonies the result is too high. 

The feet that the flask method and Hesse’s method yield practically coincident 
results when the latter (Hesse’s) is employed under circumstances in which it is 
reliable (i.fi., in air) gives a dear and unmistakable answer to the <juestion, which 
I have already referred to, as to whether the suspended organisms in the air exist 
there in an. isolated condition, or in aggr^ates of greater or less magnitude. 

The coinddenoe between the results obtained by these two methods is only 
explicable, in feet, on the supposition that the aSrial mica-o-organisms are pi*esent as 
isolated individuals, for, were they present in aggregates, the results yielded by the 
flask-method would be in excess ; and if the magnitude of the aggr^tes was great, 
in enormous excess of those obtained by Hesse’s method, as in the process of 
agitation with the liquid gelatine to which they are subjected in the flask-method, 
these aggregates would necessarily become broken up into lesser aggregates, at any 
rate, if not into the ultimate individuals of which they are composed. 

TTvsflv.^ m his well-known paper “TJeber quantitative Bestimmung der in der Luft 
enthaltenen Mikroorganismen ” (‘ Mtthdlungen a. d. Kaiserl. Gesundheit^te,’ 
vol. 2, 1884, p. 187), draws the following conclusion with regard to this point : 

“ JTie con^icuous fact that the extreme colonies formed in the tnhe are moulds 
indicates that the mould-germs present in the air mv on die average lighter than the 
haateriaL germs, and leads to the conclusion that the aerial bacteria are not present 
as isolated individuals, hut as aggregates of indimhtals or adhering to earners in 
such a mmnes' that on the average they weigh heavier than the mould-germs. 


• “In beiden Bdhien and die Snsaewten Oolooien EHasoloiuen. Diese . . • • harri^tende 

Eraobeinnng «igfe, daes die in der laft eaiihaltenen PUdwime dn^brntdiA leister and i* dm 
BaoterienkL^d ffihrt ai dew Sohlw«, daas die Bactarien nicM aJa anzelne 

Lnft enaalten and, «wd«m ala Ktafehen wn Indit^nan, Oder an Tragem haftend derwt, daw «e 
SwwTiBfthni'lJiliiA etwaa adiwerer aJa Pilzsporen.” 
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The one alternative suggested by Hesse as possibly accounting for the undoubtedly 
slowei’ deposition of the mould germs is thus rendered untenable, sinoe neither mould 
germs nor bacterial germs appear to be present in air as aggregates, but as isolated 
individuals, and some other explanation of this difference in their behaviour must 
therefore be resorted to. 

The advantages which appear to me to attach to the new method of quantitatively 
detenninmg the micro-organisms of the air, which I have described in the preceding 
pages, may be briefly summari^d as follows : — 

1. The method possesses all the well-recognised advantages pertaining to the use 
of a solid cultivating medium. 

2. The results, as tested by the compaiison of parallel experiments, can lay daim to 
a high degree of quantitative accuracy. 

3. The results, as tested by control expenments, are not appreciably affected by 
aSrial currents, which prove such a disturbing factor in the results obtained by some 
other methods. 

4. The collection of an adequate sample of air occupies a very short space of time, 
so tiiat a much larger volume of air can be conveniently operated upon than is the 
case with Hessi^B" method. Thus, whilst the aspiration of 10 litres of am through 
Hesse’s appacatus takes about thi’ee-quarters of an hour, by the new method about 
48 litres be drawn through the tube in the same time, whilst a better plan is to 
take two tubes and alternatdy draw a definite volume of air through each, as by 
this TnftflUH duplicate results are obtained. 

5. As the whole plug upon which the organisms from a given volume of air are 
deposited is submitted to cultivation without subdivision, no error is introduced 
through the multiplioation of results obtained from aliquot parts, and all the great 
difficdties attending equal subdivision are avoided. 

6. The risk of aerial contamination in the process of Jlash-cultivation is practically 
nil. 

7. Thft apparatus required being very simple and highly portable, the method is 
admirably adapted for the performance of experiments at a distance from borne and in 
the absence of special laboratoiy appliances. 

I must express my tbanlm to Mr. Hart, A.KS M., for the zeal and patience with 
which he has as^sted me in this investigation. 
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ADDEKBrir, 

(Added April 19, 1587.) 

The follo'wing experimentfl, made by this new method on St. Paulb Cathedral, mar 
be recorded as further illustrations of the accuracy of the process. The experiments 
were made on November 19, 1886, the air being examined on the Golden Gallei'y, 
which is at the top of the dome ; on the Stone (Salleiy, which encircles the base of the 
dome ; and in the Churchyard at the bottom of the Cathedral. 

St. Pavi’s, Golden GaUery . — November 19, 1886. Wind due S., strong. Eoads wet, 
pavement dry. 1.10 to 2.20 p.m. O®*? C. The air was aspirated through three 
tubes alternately. 

No. 1. FoZwnieq/’ air =18 litres. 

Construction of plugs . — (a) Sugared glass-wool. 

(6) Sugared glass-wool and sugar-powder. 

Jiate. — 3*3 strokes per minute. (Tube exposed 19 minutes.) 

, , V f8 moulds. 

Colonies in flasks. — (a) jjq 

( 6 ) 0 . 

No. 2. Volume of «ir=21 litres. 

Const/ruction of plugs. — (d) Glass-wooL 

(6) Sugared glass-wool and sugar-powder. 

JSate. — 5 strokes per minute. (Tube exposed 18 minutes.) 

. « T / \ -f 14 moulds. 

Colonies injvxsks.~ (a) 23 ^ 

( 6 ) 0 . 

No. 3. FoZume ©/■ oi>= 18 litres. 

Construction of plugs. — (a) Glass-wool. 

(6) Sugared glass-wool and sugar-powder. 

^ate. — 6*6 strokes per minute. (Tube exposed 10 minutes.) 

, . fl5 moulds. 

Colonies in flasks. — (a) 20| 

( 6 ) 0 . 

Control -tube exposed 75 minutes. 

Colonies in flask. — 1 (mould). 

Stone Gallery.— Bovemher 19, 1886. 2.56 pjf. to 8.52 p.m. 10‘’-5 C. 

No. 1. Volume of air= 1 2 litres. 
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Omistruotion of plugs.^a) Sugared glass-wool. 

(6) Sugared glass-wool and sugar-powder, 
strokes per minute. (Tube exposed 11*6 minutes.) 
r26 moulds. 

Colonies in flasks, — (a) 42 1 q 
(h) 0. 


No. 2. Volume of airssi 12 litres. 

Cojisiruciioji of plugs. — (a) Glass-wool. 

\h) Sugared glass-wool and sugar-powder. 

Jiaie . — 4 strokes per minute. (Tube exposed 11 minutes.) 

r27 moulds. 

Colonies in flasks. — (ct) 48 1 ^ j.^ 

(6) 1. (0 mould, 0 liq.) 

Control-tuhe exposed 56 minutes. 

Colonies in flash . — 1 (liq.). 


St, Patd’s Churchyard . — ^November 19, 1886. 4.13 p.m. to 4.25 p.m. 11°‘1 to 

12“-2 0. 

Volume <f air = 24 litres. 

Construction of plugs. — {a) Glass-wooL 

(b) Sugared glass-wool and sugar-powder. 

Jiate. — 7*5 strokes per minute. (Tube exposed 11 minutes.) 

Colonics in flasks. — (a) 112 

( 6 ) 0 . 

Conird-tuhe exposed 16 minutes. 

Colonies in fladi. — 0. 


J66 moulds. 
L 2 liq. 


SUMMAEY. 

St, PauVs Cathedral. 


Golden Gallery 


Stone Gallery . 
Churchyard . 


' I. 10 colonies from 10 litres of air. 

A n. 11 

JJL 11 

f !• 35 ,, ,, 

*1 II. 41 


.47 




9 ; 
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VL A Minute Analysis {Experimental) of the Variovs Movements produced by 
stimulating in the Monkey different Regions of the Cortical Centre for die Upper 
Limb, as defined by Professor I’erbeer. 

By ChabiiES E. Beevob, M.D., M.R.C.P., and Yiotob, HoasLBY, B,S., F.R.C.S., 
F.R.S., Brown Professw' of Pathology at University College, London. 

Beceiyed Jane 4, — Bead Jane 10, 1886. 


[Pla-te 7.] 


Tsb foUowiDg reseaxch was imdertaken as a necessary preface to an investi^tion, 
which we are at present engaged upon, into the localisation of motor function m the 

cervical enlargement of the spinal cord. ^ • i. v 

Briefly speaking, the eixpeiiments from which the Mowing conclusions Imve been 

drawn consisted in an elaborate examination of the movements elicited by rtim ating 
with the interrupted induced current every part of the motor cortex in the Mo^ey, 
in which the upper limb is primarily represented, as first described by Professor 

Before entemig, however, on a deteaed deBoription o( the present reae^h it wffl bo 
necessary to discuss shortly the anatomical features of the parts of the cortex 

concerned. » 

Anatomy.— A glance at the accompanying diagram of the external or convex s ce 

of the left cerehml hemisphere of the Macacque Monkey shows that Ferb^S motor 
region is bounded inferiorly by the fissure of Sylvius, posteriorly by the intra-paiMtal 
sulcus, superiorly by the margia of the hemisphere, and antenoriy by a 
of grey nfatter* in front of the vertioal linrb of the 

thafoLre itself The oented point of this area is the nndfflethndrf^^'J^ 

frontal oonvolution, and in this portion of the oortel and ^nnd it we have the 
cortical " centre” for the movements of the oppMite upper hmb. ^ ^ 

Before ennmerating the fonotioDS of this portion of the »rten it >s monr^n^ 
to draw attenZ to oertain nnnnt. hbanuderistias rf the 
region, these being of gr^ constancy, and therefore of pmnary nnportanoo m aidmg 

exact locaHsation of function. 


• By is msfijit portions of ths 
mapped out ly elecstrioal excitation. 
MDCKXILXXXVIL — 


of the frontal convolntionfl, the extent of 'whici can be 
^ 2d.ll.B7 
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Proceeding from the best known of these to those which hitherto have escaped 
especial notice, we will commence with the fissure of Boiando. 

The fissure of Roiando, in all the species of Monkey on which we have e^m- 
mented, runs outwards, forwards, and downwards, forming an angle of 50® to 55° with 
the mesial margin of the hemisphere. In its course it presents the following changes 
of shape, which in onr experience are perfectly constant. Thus, for the uppermost 
quarter of its extent it presents a distinct, though slight, curve with the convexity 
forwards ; in the next, ie. the ^cond quarter, it is slightly curved, with the convexity 
in the opposite direction, viz., posteriorly; and this curvature, concave anteriorly, 
mns down into the third quarter, in which part of its course the fissure presents a 
well-marked bend forwards. To this bend we would now direct especial attention, for 
it can be demonstrated to exist perfectly distinctly in Man and moat Monkeys. 
Further, in the Monkeys we have examined, this bend is situated, as we have already 
in the third quarter of the fissure ; its apex or central point is rounded, and is just 
above the horizontsd level of the lower end of the intra-panetal sulcus, while, at the 
same time, it is weU below the level of the highest point of the prsecentral sulcus. 
From the apex of this bend the fissure of RoiAsnoo in its lowest fourth slopes almost 
vertically downwards (vertically signifying at right angles to the lon^tudinal fissure) 
towards the Sylvian fissure. 

The prcBcentral sulcus is directed upwards and distinctly backwards from the base 
of the ascending frontal convoluticm, which it limits anteriorly. Just before it reaches 
the level of the central point of the fissure of Rolando, it bifurcates into two horizontal 
limbs ; the anterior and longer runs forwards, being slightly curved with the concavity 
downwards ; the posterior, on the other hand, is directed upwards as well as back- 
wards, is extremely short, very rarely exceeding 2 mm. in length. The main 
stem of tbA sulcus presents a double curve, the upper half having a slight convexity 
backwards, while the lower half is markedly curved forwards. In this way the 
ascending frontal convolution is most narrow opposite the posterior superior limb of 
this sulcus, while below it widens broadly. 

Superior Frontal SuZcus.— In December, 1883, Professor Scelapbsb published in the 
‘ Journal of Physiology ’ an account of the brain of a Maoacque Monk^, which was 
shown by Professor Febbibb at the International Medical Congress in London, in 
which account he drew attention to the existence of a small, but defimtely marked, 
sulcus on the upper portion of the frontal lobe, having an antero-posterior direction, 
and dividing into two parts the surface of the brain between the upper end of the 
pitscentral sulcus and the mesial maigiu of the hemisphere. This small sulcus lies 
just behind tiie line-of direction upwards of the vertical stem of the prsscentral sulcus, 
Bcofresor ScHiBBB provisionally named this sulcus 

We vulture to think that this small stdcus is nothing less than the representative 
of the posterior extrenrity of the superior frontal sulcus of Man, and that, therefore, 
the portion of brain above it must be looked upon as the first or superior frontal con- 
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Tolution, and that that part which lies between, it and the top of the precentral sulcus 
is certainly the second or middle frontal convolution. Finally, all that portion of the 
corteA which lies below the anterior hoi'Lzontal limb of tlie praecentral sulcus must at 
present be regjarded as of uncertain denomination, since, for several reasons which need 
not be detailed here, the upper third of it would appear to belong to the middle 
frontal convolution, while there can be little doubt that the lower two-thirds are 
homologous with the third or inferior frontal convolution of Man. We will now 
return to the consideration of the evidence on which we ground the opinion tliat x is 
really the representative of the posterior extremity of the superior frontal sulcus in 
This evidence we wUl consider under the following headings : — 

1. Morphological significance as an important sulcus. 

2. Functional significance as an important sulcus. 

S. Anatomical form and direction. 

4. Yalue as a determinant of localisation of function. 

1. Morphological Significance , — e have already stated that Professor Schafek 
had previously observed the constancy of this small sulcus, which opinion is fuUy con- 
firm^ by our experience. He has further shown on a transverse section that it was 
marhed by a distinct folding in of grey matter — the sure indication of an unportant 
sulcus. 

2. Functional ^gtiificance. — We have found that if electrodes are applied to the 
sulcus iiself no movement follows, whereas, if they be just ^lifted to either border, the 
characteiistic effects about to bo described are obtained. Here we have a frinctional 
proof that tbia sulcus, although small, definitely divides two portions of the motor 
cortex. These portions, we shall see directly, have a different function. 

8. Anatomical Form and J}irection. — ^With one exception, we have found that the 
most constant direction of this sulcus is antero-posterior, though frequently it is 
slightly oblique. The exception referred to ■was found in a pig-tailed Monkey {Macacus 
ncmesti'uius), in which specimen the sulcus was almost vertical, and consequently 
parallel, to the fissure of Rolando. Now we would submit that we have here foithfiil 
imitations of the varieties of form presented by the superior frontal sulcus in Man. 
For, as is well known, that sulcus is moat frequently a more or less straight antero- 
posteriorly directed line, while sometimes, though more rarely, it resembles a minia ture 
prsecentral sulcus in possessing a vertical stem parallel to the figure of Rolando, 
from the widdiA of which there runs forwards an antero-posterior limb. If, therefore, 
we regard this sulcus, jc, as the posterior extremity of the superior frontal sulcus, its 
variations in form will be most easily understood. Finally, we would observe that the 
superior frontal sulcus in Man commences posteriorly, well behind the hue of the 
prsecentral sulcus, directed vertically upwards ; in feet, it be^ns posteriorly in the 
middle of the ««».ftndiTig frontal convolution. It is just this first part of the supmor 
frontal sulcus whidi, lying over the anterior half of the breadth of the ascending 
frontal convolution, forms the buIcqs, x, of the Monkey’s brain. 
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4. Yalw as a Determinant of Localisation of Function . — We do not intend here to 
dwell on this point, because its full importance will be seen in the subsequent desmp- 
tion of our experimental results obtained by stimulation, but we wiU anticipate so for 
as to say that this sulcus enjoys the distinction of separating the seat of the primary 
representation of the upper limb from that of the lower, a d istin ction which, it need 
hardly h© added, is of the first importance. 

Thus we have been led to designate this sulcus, x, by the more definite term of 
superior frontal sulcus, and we trust that the above evidence will be accepted as 
teiidiiig to establish this position. 

The Intro-parietal SiiZcus.— There is one variation in the form of this sulcus which 
we will notice, not merely because, so far as we know, it has not been described before, 
but also because it alters slightly the localisation of certain movements of the digits. 
This variation simply consists in a bending horizontally forwards of the lower end of 
the sulcus towards the fissure of Rolando, from which, in extreme cases, it is some- 
times separated by only 3 mm, of surfece of grey matter. This is particularly markeil 
in the pig-taaled Monkey {Mamcus nemestrinus). We shall refer to this point 
farther. 

Ascending Parietal Convolvtion . — We would draw attention to the &ct that the 
upper end of this convolution— in other words, that part which represents in Man the 
parietal lobule— is invariably subdivided vertically by a subordinate sulcus, which is 
situated at the junction of the anterior and middle thirds of the convolution and runs 
down parallel to the fissure of Rolando. The lower end of this subordinate sulcus 
extends most frequently to the level of x, the upper end always being separated from 
the maigin of the hemisphere by a few millimetres of cortex. 

With the foregoing observations we conclude the anatomical description of the part 
under consideration. 

PbEVIOUS RsaSEAEGHES IN THE SAHE DiBECTION. 

We will now describe the results obtained by Professor FEBStBR on stimulating 
the same r^on, quoting verbatim from his ‘ Functions of the Brain,’ 1st edition, 1876. 

From the account there given we have drawn up the following Table, showing the 
relation between his nomenclature of centres stimulated and ours, and in the third 
column the results he obtained. 

We find, however, that the area of cortex in which the upper limb is represented 
extends a little further towards the fissure of SvLVius than he has indicated ; it is 
diEBcalt also to make out the exact position of our centres 2 and 2" in relation to his, 
but perhaps we may umlude them in his centre 6. 

With these trifiing differences, it will be seen that the broad frets in our account 
are practically identical wltii his, all minuteness of detail contained in the following 
pages bring of coarse superadded by us. 
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Table 1. 


Fsbbieb's Centre. * 

Autliois’ Cenire. ^ 

1 

Fepliee ’b Etsa^*. 

3 ' 

12, 1' 1 

Movements of the tail, crenerallv associated i 


1 

with complex movement^ of thigh, leg, and 



foot, with adapted movements of the trunk 
by which tlie foot is drawn to the middle 
line of the body, as when the animal gi*a'»ps 
with its foot or scmtches its chest and 
abdomen. 

4 

1 

Eetraction, with adduction of opposite arm. 


9 

(?;ll 

palm of hand being directed Lackuard-s 
This action . . is such as maybe asciihed 


to the latissimus dorsi. 

6 

3 

Supination, flexion of forearm "by which the i 


3' 

4 

hand is raised to the face. , 

O i 

4' 

1 

Individual and oomhined movements of the 

h 1 

r 

Angers and wrist, ending in clenching the 

G 

8 

fist. Centres for the extensors and fiexors 

d 

beliiiid 8' 

i 

of individual digits could not be differen- 
tiated, hut the prehensile movements of the 

\ 

1 

opposite hand are evidently centralised here. 


We ■will no-w proceed to describe our method of experimentation, the results in full 
detail, and the generalisations which can be deduced therefrom. 

Method of Experimentation . — ^The animal bring tboi’oughly anaesthetised ■with 
ether, the left cortex was exposed leye artis, and the dura mater raised. A careful 
drawing was then made of the arrangement of the sulci, upon whicJi was represented 
the position of the ■various points stimulated. The cortex, after being carefully dried 
to prevent division of the current, was excited as follows. The apparatus employed 
was one DAinnsnL cell and an ordinary nu Bois-Reymond coil, but no attempt was 
made to equalise the make-and-bieak shock by means of a Helmholtz wire. The elec- 
trodes were the ordinary platinum pattern, and ■w'ere 2 nom. apart. The coil consisted 
of a primary bobbin wound round an iron core, with secondary bobbin sliding on a 
sledge over it, the distance between them being registered in centimetres, so that 
the strongest ourrmit would be at zero when the secondary coil completely covered 
the primary one. The primary current was interrupted by means of an ordinary 
Hebe’s hammer, and the secondary currents with this arrangement were of a strength 
suflSrient to produce the sensation of slight pricking on the human tongue when the 
secondary coil ■was at 8, i.e., 8 cm. from the primary. This very weak secondary 
current* was al^w'ays employed so as to obviate the fallacy of diffusion. Trat this 
object ■was attained ■was obvious, for, if a certain movement was al^ways obtained at 
pbifting the position of the electrodes for even one millimetre was sufficient 
to produce a ■totally different result. 

• This was the ■wesJcest current which would produce a contraction in the mnsclee. 
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Since in all the brains we have experimented upon the positions of the principal 
sulci were perfectly constant, we regarded them as definite landmarks by which we 
could accurately ascertain in different brains the position of each centre. 

Thus, /»nTnmftnmng r above In the ascending frontal convolution, we took as our first 
landmark the sulcus as, and in the horizontal line behind it we placed our two fi^ 
centres, 1 and 1' (these to be explained directly, see fig. 1), and then placed opposite 
the level of the upper end of the prsecentral sulcus the centres 3, 3'. Dividing the 
interval between these points (which in the average brain of the animals we employed, 
i.e., nine out of the ten experiments, was 1 cm. in length) into two equal parts, we 
designated the point of division by the ciphers 2 and 2'. Below 3 and 3' we placed 
4, 4' and 5, 5 ' at distances equal to that between 2, 2' and 3, 3'. 

(The distance between the electrodes was 2 millimetres, and they were applied 
parallel to the longitudinal fissure at the points designated by the figures described 
above. These points or centres were about 4 mm. apart. Thus a considerable 
interval was left between the centres, which we explored in the same way, but we 
have not deemed it necessary to give the results of ezditing the cortex at these 
intervals, since in every case they simply corroborated the effects obtained by stimu- 
lating the parts bounding them.) 

We further found that the ascending frontal and middle-frontal gyri were so broad 
as to necessitate a vertical subdivision. To meet this contingency, we employ the 
plain figures for the centres of the posterior half, and figures dashed thus, 1', for the 
anterior half; both, of course, being on the same horizontal level 

On reference to Table 3 it will be seen that, with the exception of the fingers and 
thumb, the absolute number of times that any movement is produced is mucJi less in 
the ascending parietal than the ascending frontal convolutions, and fiirtiier that the 
represMitation of even the thumb and index decreases as the gyrus is explored from 
below upwards. 

®rom our experiments it appears to us that the ascending parietal convolution has 
less ylo,™ thaji the ascending frontal to be considered as an area of extensive represen- 
tation of movement. We have been so impressed with the importance of deciding this 
fiict we have usually explored the former gyrus with the current directly aft^ the 
bTthIT hfta been removed, aufl subsequently repeated our examination of it at various 
intwvals during the experiment, so as to eliminate any error in the direction of loss of 
excitability of the cortex of this gyrus. 

We would call attention to the extraordinary degree of symmetry which exists in 
all the Monkeys on which we have experimented, and also that this is not merely 
morphological, but also physiological Although this is a matter of great interest, we 
cannot enter into it in farther detail 

Before (pving the detailed results of our work, we would lay down the following 
axioms frunded on our esqperimente. 

Axiom h — Viewing as a whole the ** motor area" of the cerebral cortex for the 
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upper limb, as defined by Professor Fbrrier, 'vre find that the regions for the action 
of the larger joints are situated at the upper part of that area, close to the middle line, 
•while those for the smaller and more differentiated movements lie peripherally at the 
lo'wer part of the area. 

Axiom 2. — ^As a general rule, ej'tensioi} of all the joints, particularly of the wrist 
and elbow, is the most characteristic movement of the upper part of Ferrier’s arm 
centre ; while ^erio/t is equally characteristic of the movements obtained by stimu- 
lating the lower part. Finally, between these two regions there is a small portion 
where alternate flexion and extension predominate, a condition to which we have given 
the name of cvn/ysion.’* 

We shall now proceed to give by means of tables the details of the experiments 
upon which the foregoing axioms are based. 

In the following Table 2 we give general conclusions respecting the different move- 
ments of each joint obtained by stimulatiDg the upper and lower half of the above- 
mentioned area. 

Table 2. 

Upper part of Area. Iiower part of Area, 

Shoulder, — ^Advancing. Adduotion (nil in lower -J-), 

jEZtow.— Extension (nppemost i), Oonfosion Flexion (remaimng J). 

(second 

Wtitt.—il) Pronation (upper i). Supination (lower |), 

„ (2) Extension. Extension (flexion at end of action}. 

Poeferior pari of Area. Anterior part of Area. 

Uiflfto.— Flexion. Bxtension- 

TJMtab , — ^Flexion (ml in upper 1), Hmdon-Extension. 

Expansion of the foregoing Table (compare Table 2), 

Shoulder.— la the above Table it will be noticed that rotation of the shoulder does 
not appear ; this movement, though frequently observed, is but one of assodation. 
Rotation out occurs as the result of stimulating the lower three-fourths of the area, 
at leajst of that part which lies in front of the Assure of Rolajtoo. In almost every 
case this rotation outwards was accompanied by flexion of the shoulder, so that the 
elbow was brought forward as well as rotated outwards. 

Pure abduction was practically never seen by us, but it enteied into the composi- 
tion of the advaiwang movement, which we have diown to be characteristic of the 
upper fourth of the area. It will thus be seen that the movement of the shoulder, 
which we have called advantang of the arm, is neither pure flexion nor pure abduction, 
but a combination of these two. 

Adduction is strongly 4 haracteriatic of the movement of the shoulder in the lower 

• Here both flexors and extenaois are contracting at the same tune, and oonseqnentiy die jmnt is 
nsnallj in a median position, each group of moaclcs altematdy diagg^ it in <q)posiie direetioiiB. 
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lialf of the ai-ea. Indeed, a glance at Table 3 will show that it is almost the only 
morement in the lower third of the area, in which portion of the cortex, too, the joint 
is very feebly represented, movement of it only being met with once in ten tunes on 

stimuiating the centre 5'. (See fig. 2 and Table 3.) ^ 

Adduction is the characteristic movement of the shoulder “centres m the 
ascending parietal gyrus. Retraction (i.e., extension with rotation out and some 
adduction) is especiaUy represented in the anterior half of the upper tHrd of the 
ascending parietal gyrus in the centres marked 9 and 11. (See Table 8.) 

CircuDaduction was never seen. 

Elhoiv. We need only draw especial attention to the remarkably exact manner in 

which representation of extension of the elbow is limited to the upper fifth of the area 
experimented on, while flexion is equally the function of the lower three-fifths ; and to 
the existence of a very important zone of cortex, where the phenomenon of confusion 
is represented, tliis forming a border-land between the regions of extension and 
flexion. The explanation of this zone of confusion is easy, since the representation of 
the elbow — ^the movements of which occur in only one plane — admits necessarily of 
closelv limited localisation. (See Table 3 and fig. 3.) 

irrisf.— In tabulating the movements of this joint, it was obviously necessary to 
separate its two distinct functions, viz., pronation and supination, on tbe one band, 
and flpvinn and extension on the other. We will first discuss the ls.tter function, as 
by far the more important. On Table 3 it is seen how extremely constant is the 
movement of extension, and a moment’s consideration will show that it is of funda- 
mental importance, for it is dear that the deb'cate movements of the fingers could not 
possildy be performed with any degree of accuracy and force unless the wrist be 
previously fixed in moderate extension, and conaderation of this &ct also explains why 
the wrist is especially provided with powerful extensor muscles which act with con- 
rideraHe iivibpendenca (See fig. 4.) 

In returning to the first-mentioned movements of the wrist, viz., pronation and 
Rii pinftt icm, we have only to add that, as might be expected, supination is most 
moiked in the lower two-thirds of the area, since it is here that we have also flexion 
of the elbow, bidpital action. The convmae equally holds, viz., that pronation is 
uBBodated with extenrion of the elbow. This assodation is dearly the outcome of the 
two great classes of action m animal life, viz., that of defence and that of feeding. 
The former of these is a coarse violent movement, and is naturally associated in the 
u{^r part of the region with the centres for the large trunk and leg muscles, while 
iiie lattor, more ddieate, is represented near to the centres for the face and mouth.*' 
(See Table 2.) 

J>^la — The representation of the fingers must he considered apart ftom that of 
the thumbs the movements of which are the most highly specialized in the limb. 

* SiBulMr ideas faaw liaain prmrisady n^cBied by Dr. lacnsB BaiiXTcar, E JELS. See Brain,’ vol. 4, 
p. 431. 
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W"e would first draw attention (see fig. 5) to the fact tlwt the inoveinent of ^mple 
extension is alone represented in the ]»osieiior extremity of the middle frontal 
convolution (according to our view), viz , at centies 12, lo. 12', and 10' (see Table 3 
n-nd fig. 5). It win be observed on Table 3 that in thiee instance'! we iioted 
interosseal flexion in this region. Diseus'^ion of the relation between inteiXiseLil 
flexion and extension of the digits we shall enter into fuither on. 

As regards the movement of flexion, we find that it is represented over the wLide 
of the area which has been the subject of our investigations, with the exception of 
the centres above mentioned, viz., 12, 13, 12', and 13'. We have now to draw 
attention to some extremely important considerations concerning the relative repre- 
sentation of the movements of flexion and extension. We have just seen that pure 
extension was limited to certain centres ; we have now to add that we have only seen 
pure flexion at centres 1, 1', 4, and 4'. We are not inclined to lay much stress on 
this limitation of the representation of the movements of pure flexion and extension, 
but we note the foregoing facts for the purpose of recording them. 

We will now consider what appears to us the much more important co-operation of 
these two movements of flexion and extension of the digits. On this point we have 
obtained the exceedingly definite result that both movements are repi'esented in the 
mtrlfllfl -J. of the ascending frontsd and parietal convolutions, and that, while in the 
afinandiTig frontal oouvolution extension precedes flexion, in the ascending parietal 
convolution this order is reversed, and so extension follows flexion. In view of the 
fact that pure extension is only represented in 12, 12', 13, and 13', i.e., in those 
centres which are immediately in front of the middle •J- of the ascending frontal 
convolution, we readily understand how it comes about that in the ascending frontal 
extension pi'ecsdes flexion, whereas behind the fissure of Eiflando it J’liUuii'S flexion. 
We have observed interosseal flexion to precede long flexion in three cases, and only 
in the centres 8', 2, 2', 12, and 3. It is obviously possible that this interosseal flexion 
of the di^ts, consisting of flexion of the metacarpo-phakngeal joints and extension 
of the pLnlnT^gRHl joints, should co-exist iu perfect harmony with long extension of the 
digits. It must not be understood that in all the remaining cases interobseal exten- 
sion of the phalanges leads the way for the action of the long extensors ; indeed, in 
many instances it appeared to us that preluninary extension of the digits was so 
sharp and complete as to be expired only by rapid and perfect action of the long 
musdes. We must add, however, that, although this preliminaiy extension of the 
fingers was extremely well marked, it was of very brief duration, whereas the 
subsequent flexion was very powerful, and was maintained as long as the electrodes 
were applied to the cortex. 

Although w© have thus written at some length on the relation between flexion and 
extension of the digits, we do not conader that the results were sufladently absolute 
to permit of our sp^Jdng dogmatically, and we hope that further research will 
ultimately solve this problem. 

MDCCOLXXXVn, — B. T 
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TJaiinh. ^The limitation of tie representation of tlie thumb in the cortex (see 

%. 6) is a matter of great interest, considering that it is the most highly differen- 
tiated member of the body. The representation is limited to the as^ding frontal 
and parietal convolutions. No movement could be elicited by stimulating the centres 

1, 1', 5, and 11 ; to these \re must add 2 and 2', as being centres in which the thumb 
was only exceptionally represented, i.e., in one-third of the total number of cases for 

2, and one-fifth for 2'. It is interesting to observe that the thumb obeys ^e same 

general rules respecting the relations of the movements of flexion and extension as do 
the digits ; thus extension precedes flexion in the ascending frontal and follows^ 
flexion in the parietal The movement of opposition, which is, of course, 

the most highly differentiated one, was only obtained on stimulating the lowest part of 
the thumb area, viz., the centres 7 and 5^ ; this is in perfect harmony with the general 
plan of representation, as we have found it to exist in the outer convex surface of the 
cortex. (See Axioms 1 and 2.) 

We may here refer to the lact that in 5^, in the ascending frontal gyrus, we obtained 
in two naapa abducUon of the thumb, whereas adduction was present in two cases in 
centre 7 in the H|gopT »liTig parietal j this is a further illustration of the feet that 
extension is represented in the ascending jftontal, and flexion in the ascending parietal 
convolutions. 

Before leaving the consideration of the representation of the thumb, we would 
briefly draw attention to the feet that the representation of the thumb extends lower 
down anteriorly, t.e., just behind the prsecentral sulcus, than that of any other part 
of the upper limb. Thus it is represented at centre 5', but not *in centre 5, &c. 
(See Table 3.) 

We employ throughout our paper this expression — Primary Movement — ^in a very 
definite sense, namely, to express that movement which is represented above all 
others at one perticiilar spot in the cortex. This use of the expression is in harmony 
with Dr. HnGHUKGB Jacxsoiii’s view, viz,, that cerebral localisation is in the main a 
matter of d^ree of representation of several movmnents, and not the dose limitation 
of any one. We were brought to the necessity of dosely examining this point, not 
firom the considerations of theories, but by observing with what remarkable constancy 
the various joints of the limb took up movement in series according to the part of 
the cortex stimulated, and how invaiiably one joint would commence the action when 
we adopted a method of exdtation which we may call instantaneous or mimm al 
siimalation. 


PsioBirs ’ m IQS Osnm os Moteusnib. (See %. 7.) 

We may now rstnm with advantage to a detailed conmderation of Axiom 1, viz., 
that ifie iazger ffiaaeles axe represented in the upper part of the motor area for the 
uj^ier limb^ while the amaSer ones have their centres in the lower part of that area. 
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It se^ed to us highly important, as bearing on this point, to note the order of 
movement of the diJBferent segments of the limb, — ^in fact, the “ march,” as it has been 
termed by Dr. HnaHLisrGS Jackson, of the nerve discharge, — since xve consider that 
a complete series of observations of this kind would enable us to construct a definite 
scheme which would show at a glance where certain primary movements are really 
centralised. 

By this we mean that we applied the electrodes to the cortex just long enough to 
evoke movement in one joint only, and then noted which moved first, and in what 
direction. This first movement we considered to be the primary or fundamental 
movement in the given portion of cortex stimulated. (The current employed in every 
-was only just adequate to produce such movement, and the secondary coil 
was usually 10 cm. distant from the primary coiL) 

On fig. 8 is exhibited that joint in which primary movement occurs in each 
portion of the area. 

In taking each joint separately, it is found that the shoulder presents priority of 
movement in the centres 1, 1', 11 ; while the wrist is the first to move when we 
stimulate the centres 2, 2', 12, 13, 3'. It is important to notice that the elbow does 
not present any absolute priority of movement over the other joints, for its only 
approach to priority is seen at centres 8, 8^, and 9, where it is associated with, and 
whArPH this action syndhxonously with, other joints, viz., the thumb and wrist. \Yith 
regard to the fingers alone, the same thing is to he observed, viz., that they are not 
represented in primary movement in the cortex, and indeed are only associated once 
with a true primary movement, viz., in centre 12. Starting now with the series of 
joints moved as represented schematically in fig. 8, we will take up the order in which 
the other joints of the limb are secondarily moved. 

Tabulating these joints in tbe order of centres stimulated, we have the following 

list: — 
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A'jond. Frontal 
Canvolation. 

Centre. 


1. 


1 '. 


2 . 


2 ', 


3. 
3'. 

4. 
4.’ 


5. 


Asoend. Parietal 
Convolntion. 


11 . 


9. 


8 '. 


8 . 


7. 


Middle Frontal 
Ctmrolntion. 


12 . 


13. 


Order of Joints moved, 
f elbow, 


Shoulder 


wrist, 

fing ers. 


, r wrist, 

Shonldw, dbow I 

Wrist, finger^j elbow, shoulder. 

Wrist } shoulder. 

Thumb, fingers, wrist, elbow, shoulder. 

Wrist 1 elbow, shoulder. 

[lingers J 

Thumb, wrist, fingers, elhow, shonlder (4). 

Thumb 1 elbow, alionlder (2). 

iwnst j 

Thmttb, dbow { 


fwiist 

Shoulder]^ 

[elbow 

Thumb 
Elbow 
r thumb 1 
} wrist 
[^ elbow 


I fingers. 

I fingers, wrist, shoulder. 


droulder I 
fingers j 


Thumb, elhow, ahonlder (1). 
Thumb, fingers, wrist, dbow (1). 


[Wrist 1 dhow I 
iFiJigers J shoulder J 
Wrist, fingers, elbow, shoulder. 


IbefiganainpanotbeMsduwiha gieatest number of times out of a total of 10 in wbibb a more* 
ment in the jont waa pndnoed. 
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Ab is shown in this Table, the sequence in the movement of the joints i-s funrl i- 
meutally similar to that which had been arrived at fr'in clinical ob5ei*vati'''n by Dr. 
Hughlestos Jacksok" in cases of epilepsy, in which he hud recorded the *‘in:ux:h ' of 
the movements of the joints. 

As all the facts uhich we have accumulated on the subject of the piimaiy repre- 
sentation of movement of joints and the representation of secondary, Ac., movements 
are collated in a very demonstrative manner in the accompanying figs. 7 and a 
detailed description is hardly called for, bat we cannot leave this pathobgically very 
important subject without dwelling for a moment on some of the more salient featurt.s 
of our results. 

We have already pointed out on page 163 why the shoulder, wrist, and thumb are 
the joints, par excellence, in which primary movement takes place. 

We will now, therefore, discuss the march, i.e., the order in which the movements of 
the various joints follow each other after the primary movement. The first and most 
fundamental fact concerning the successive invasion of the various joints has already 
been determined by Dr. Hughlings Jackson, viz., that when a movement emanating 
from the cortex, e.g., of the upper limb, begins in the shoulder it proceeds downwards, 
involving successively the elbow, wrist, and fingers ; and inversely, when it begins in 
the thumb and fingers, the “march” proceeds up the limb. We are here referring 
to movements presenting the character’s of deliberate purpose, “voluntary” eiforts, 
which also c**'*’' he evoked by electric stimulation of the cortex, besides being exhibited 
in convulsive and epileptiform seizm’es. The observation of the.se movements as 
produced in our expemnents has enabled us to form certain definite generahsations 
concerning the order of their march. Among these generaltations, the following 
appear to us to be the most important. 

1. Movement of the upper limb, commencing -with the shoulder, is not completed by 
a movement of the thumb ; and, while this result is obtained at the extreme upper 
liTYiit. of the area, on the other hand, we have the exact converse at the lowest liimt, 
viz., movement of the limb, commencing in the thumb, and ultimately involving the 
elbow, which is not completed by movement of the shoulder. In fig. 8 is ^own 
diagrammatically the order of the march of movements occurring at each point in the 
area for the upper limb. 

2. We wish next to point out the very remarkable constancy in the order of 
march in the centres 2, 2', 13 (fig. 8). Here we are dealmg with the very nucleus of 
the upper limb area, i.e., that part of it in which the most finequent and most ordin^ 
movement of the limb is represented, viz., preliminaiy fixation of wrist in aste^ion. 
intended, as we think, for the purpose of permitting accurate movement of the digits ; 
fottowing this, flexion of the di^ts; next flexion of the elbow and sub^uent adduction 
and rotation out of the shoulder, producing the complex movement which has been popu- 
larly styled the hand-to-mouth action, and which is unquestionably one of the most 
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important of the limb. The remarkable way in which this movement is represented 
in a neai-ly horizontal line on the cortex must not be overlooked. 

Finally, fig. 8 illustrates most clearly how the mode ot march is in harmony 
with the representation of primary movements in the various points in the area. Thus 
the movements consequential to the first movement obey the law we have already 
dwelt upon, viz., that the joints are represented from above down in the area, in the 
order of shoulder, elbow, wrist, digits, and thumb. The truth of this statement is 
rendered very evident when fig. 7 is compared with fig. 8. 

To summarise briefly the facts contained in the foregoing pages, we consider . 

1. That sulcus x (Sgsafeb) corresponds to the superior frontal sulcus of Man. 

2. That the muscles of the upper limb are progressively represented from above 
downwards, in the outer or convex surface of the hemisphere, in the order of their 
size and the movements of the joints : in the order of shoulder, elbow, wrist, finger, 
thumb. 

3. That the joints are moved in the order of shoulder, elbow, wrist, and hand 
when the highest part of the area is stimulated, and in the converse order — thumb, 
fingers, wrist, elbow, shoulder — ^when the lowest part is excited, whilst between these 
extreme points the sequence of movement is commenced by a middle joint, i.c., the 
elbow (incompletely), in the ascending parietal convolution, and the wrist to a very 
large extent in the ascending frontal 

.4. That with regard to the quality of movemmits of the different joints repre- 
sented in the cortex, the shoulder presents the following sequence from above down : 
advanring, abduction, rotation out, adduction; the elbow: extension, confusion, flexion; 
the wrist : extension, flexion, and pronation, confusion, supination. In the fingers and 
thumb the sequence is altered, and we have, broadly, extenmon anteriorly and flexion 
posteriorly. (For details refer to diagrams.) 

5. That there is no absolute line of demarcation between the area of localisation in 
the cortex of one movement and that of another ; each movement having a centre of 
maximum representation, this gradually shading off into the surrounding cortex. 
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VII. Supplemental Note on Polacanthus Fosii, describing the Dorsal Shield and 
some Parts of the Endosheleton, imperfectly known in 1881. 

By J. W. Htjlkb, F.R.S. 


Beceived December 14, 1886, — Bead Jaaoarj’ IS, 1887 


[PlATES 8, 9.] 

In a former paper,"* descriptive of tlie type remains of Polacanthia Poxii, some 
account "was ^ven of its dermal armour, but the description "was unavoidably very 
incomplete, owing to the extremely fragmentary state of the parts originally 
composing it. Broken up by its discoverer into pieces small enough for convenient 
stowage and transport in bags fi:om the cliffs to the village of Biighstone, two-and- 
a-half miles distant, and then uncared for dming fifteen years, the great dorsal shield, 
when after Mr. Fox’s death his collection was acquired by the British Museum, was 
represen'ted by several hundreds of disconnected pieces, many of these being of less 
size than one cubic inch. It "was also evident that many had been lost. In this 
mutilated condition the reconstruction of the shield appeared hopeless, but at length, 
imdAr the guidance of the heads of the Palaeontological Depai'tment, this has been 
accomplished by Mr. Hall and Mr. Baiilo"w (“ Masons ”), who brought to the task a 
painstaking perseverance and skill woithy of the highest praise. Although now, 
doubtless, much less complete than when laid bare in the cliff by Mr. Fox, the 
reconstruction (which has consisted strictly in a faithful reunion of the disconnected 
scattered ftagmeuts) renders very intelligible the discoverer’s first impression, "dz., 
that “ he bn.d before him "the campace of a gigantic turtle,” and it confirms his opinion 
of the position of the shield, "viz., that it covered the rump and loins. The dimen- 
sions of the shield, given by Mr. Fox in a MS. note, 8 feet 3 inches by 8 feet, were 
taken roughly in "the cliff before the shield was broken up. In its restored condition 
its breadth is 108 centime, in front, 105 centims. at its middle, and 48 centime, 
posteriorly, and its length is 90 centims. 

The relation of the shidd to the pelvic bones makes it evident that the carcass 
was lying on its bdly when it sank into the ooze, and that the shield was later 
crushed down upon the endoskeleton and flattened out 

Tn its present state the outline of the shield forms a long oval figure, from which 
an antmior segment has been removed through a line parallel to its shorter axis. It 

• ‘Fhil Trans.,’ 1881 (>ol. 173). p. 658, 
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is now evident that the pieces which I described in my paper of 1881 were not all 
integers of the value of separate scutes, entering by overlap, or other axthr^ial 
artiralation, into the composition of the shield, but (with the exception of the y spines) 
were pieces originally synostosed in a continuous sheet, in which no traces of suture 
or other of primitive distinctness are discernible. 

Near its lateral and posterior border the shield is thicker than at the middle, where 
it overlies the vertebral column, a fact noticed by Mr. Fox. The form of these 
bordeiu is tliat of a smoothly-rounded lip separated from the upper surface by a 
nanw sunken groove. The continuous sweep of the posterior border is interrupted by 
a wide deep notch, having at its centre a projecting part that overhung the root of 
the tail. At each side of this projection is a narrow cleft ; whether natural, or a 
crack produced by the yielding of the shield imder compression, is uncertain. The 
anterior differs from the other borders of the shield by its attenuation to a thin edge. 
This (mnumstance, together with the truncated form of the border, suggests that the 
part we actually possess does not represent the complete dorsal mail, but only a 
posterior segment, between which and an anterior part, now lost, covering the thorax, 
a flA-fihU junction may have existed somewhat like that present in the plastron of 
certain CJhelonians. 

The upper, or exterior, surface of the shield .is richly ornamented. It exhibits in a 
highly satisfactory manner the position and distribution of the pieces described by me 
in 1881 as ** tid)erciilated ” (a) and ** keeled” {0} aovites. The former (a) compose 
the general groundwork co-extensive with the whole area of the shield, which is 
closely studded with hemispherical tuberdes averaging 5 to 1’5 centime, across their 
base. The pieces, characterised by a keel-shaped elevation rising out of a circular 
or eDiptio depression, are grouped in four longitudinal rows occupying each lateral half 
of the diidd. The highest and stout^t part of the keel is always posterior. The 
largest keels form a sub-mai’ginal lateral row ; and the smallest a paired sub-median 
series, one in each pmr lying on each side of the middle line of the shield over the 
vertebral column. The central elevation in this latter series resembles a low blunt 
con^ with dxoular or oval base, rather than a keeL The keels of intermediate size 
compose two less regular rows placed between the sub-marginal, lateral, and the sub- 
median series. It is now certain that the large spines (y) do not constitute any port 
of the shield we pMsess ; and since, for reasons given in 1881, they appear excluded 
ftom the caudal mail, they would seem to have occupied an anterior region of the 
trunk, a supposition which derives some additional probability from the position of 
the series of similar spines in the type-specimen of Hylceornwrue preserved in the 
British Museum. 

Thin sections of the shield, mounted in Canada balsam, show an osseous structure. 
Near the inner surftce the arrangement of the trabeculae conforms to that of the 
decussat i ng bundles of fibrous tissue observable in the cutis vera of existing Lizards. 
Near the outer surface sections, vertical to and parallel to this surface, show an 
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areolated or cancellated airangement of the bony tissue; and here may be seen 
numemus vascular canals surrounded by concentrically placed lameUse. 

Thus the shield doubtless in part represents the cutis vera. It must have been 
invested by a vascular membrane analogous to the periosteum of the endoskeletal 
bones^ and externally this Tvas overlaid by an epideimal covering ■which sheathed the 
keels and spines. 

Upon the inner surface of the shield are apparent in the middle line the sacriun and 
a series of lumbar vertebrae synostosed and forming a rigid bony rod (as desaibed in 
1881). The lo'wer transverse pi'ocesses, imperfectly kno'wn to me in 1881, are now 
wdl shown. 

Those of the 2-5 sacral vertebrss average 14-15 centims. in length. Their 
stout, expanded, distal ends abut against the median surface of the Dia. The lower 
transverse processes of that which I have called the first sacral vertebra are less 
stout, and theh direction differs slightly from that of the others ; their connection ■with 
the ilia is also less evident. It is, therefore, possible that this vertebra may better 
nlnim to be the last of the lumbar series. (In Igvanodon this vertebra is often found 
synostosed with the first sacral, and so functionally composing part of the sacrum.) 

Five libs on the right side still retain nearly their normal relations with the lumbar 
vertebrae. They progi-essively shorten from before backwards, their lengths decreasing 
from 28 to 25 centims. ; these are appi-oximate measurements, because the distal 
ends of the ribs merge into and are lost in the inner surface of the shield without 
distinct indication of their actual termination. In thmr vertebral halves these ribs 
exhibit well tlie inferior ridge which gives a triquetrous figure to their cross-sections, 
and must have greatly increased their strength. The vertebral ends of the riba are 
crossed superiorly by longitudinally disposed bundles of slendm." bony rods. These are ^ 
manifestly ossified tendinous and ligamentous structures, similar to those which I 
have mentioned as occurring in Syysxloplwdon Foxii, and to those in Jgituuodon lately 
described by Mr. DoUjO. 

The pelvis, of which in 1881 little was recognisable, is now worked out. The 
acetabnla. are well displayed ; their laage size immediately attracts the eye The ilia 
are so blended with 'the shield that their exact form is not discemibla So far as 
slight textural differences of the surface warrant an inference, I am disposed to think 
that the prae-acetabular was longer 'than 'the post-acetabular portion, but I speak with 
reservation on this point. As in many Dinosaurian ilia, the pubic part of the 
acetabular arc of the ilium forms a strongly marked angle, fium which abruptly uses 
the lower border of the pr»-aoetabular process. The remains of the os pubis are too 
fragmentary to give the shape of this bone, but I think that indications are 
recognisable of its division into a pra-pubic and a post-pubic part. Other specimens 
must, however, decide this. 

The ischium is better preserved, the left being nearly entire. It has a compress^ 
doubly-curved figure of simple form, decreasing firom a breadth of 1 5 centims, where it 
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ioins the ilium, to 4‘7 centims. at its ventral or mesial end. Its direction appears to 
be nearly transverse to the long axis of the trunk, and not almost parallel to this, as 
in Iguanodonts. Whether the ischia actually met in symphysial union cannot be 
asceL*tained from this specimen, as the mesial end is missing. 


Explanation of Plates. 


PLATE 8. 

Dorsal Yiew of Shield. 

L. v. Lumbar vertebrro. Isch. Pight ischium. 

C. v. Caudal vertebrae. Xsdi." Left ischium. 


PLATE 9. 


Ventral View of Shield and Pelvis. 


Z. V. Lumbar vertebrae. 

C.v. 1st caudal vertebra. 

S. 1, 2, 8, 4, 5. Sacral vertebrae. 
a. Acetabulum. 


iscA Eight ischium. 
Isch/ Left ischium, 
r. Bibs. 

t. Ossified tendons. 
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VTTT. On the Structure and Life-Histury of Eutyloma Eanunculi (Bosohdex). 

By H. Ma-rhttat.t. Waed, M.A., F.L.S., Fellow of Christ's College, Cambridge, and 
Professor of Botany in the Indian Civil Fngineering College {Forestry School), 
Coojper's Hill. 

Communicated by W. T. Thiseltox Dyer, C.M.O., F.R.S., Director of the 

Royal Gardens, Kew. 


Beoeived October 12, — Bead Noveiuber 25, 1886. 


[Plates 10-13.] 

The attention of mycologists has been long directed to the study of the TJstila^nete, 
not only on account of their morphological peculiarities, hut even more especially 
because the economic questions arising from their relations to our crops, &c., have 
assumed such proportions as to force this group of parasites fex into the foreground. , 
Interesting and important as are the pai’ositic habits of the Dstilagiaese, however, and 
much as they have been in\ estigated, it has to be admitted that we know as yet very 
little about them. Two or three of the most common forms, it is true, have been so 
often studied by different observers that they may be regarded as worked out 
sufficiently to allow of our regarding them as types ; but it needs no very extensive 
acquaintance with the group to satisfy ourselves that the best known forms are not 
the simplest, and that much still remains to be accomplished in this large group. It 
is not only that the Ustilaginese are so minute, but they are so peculiarly modified, and 
so specialised as parasites, that the most careful observation is necessary in making out 
the numerous points in their structure ; in addition, observers still differ considerably 
as to the interpretation of some of the fects of structure which are established. 

Taking the most recent ^sterns * of classification, we may regard the Dstilagineas 
as comprising the following genera^ Ustilago, Tilletia, Sorosporium, Urocystis, Schizo- 
neMa, and Mntylovna, and so fer flhflll be in accordance with all the modern authorities ; 
when we come to such genera as Gemitidla, Sphaeeloihecu, Doassansia (Ooknu), and 
Graphiola (Fisohbr) and some others, the matter becomes more complicated, and 
special investigations are still needed to determine the limits of the genera and group. 
Fntyloma, however, is a well-established genus,t and now indudes some fifteen or 

• B.g., Da Babt, ‘Morphol. d. Pilae,’ p. 186, and WtsTBE, ‘BABrasoHsrt Eryptogamen-Plora,’ p. 80. 

t Ds Babt, ‘ Botm. Zeitimg,’ 1874, p. 101. Schboe fee, in Cohn’s ‘ Beitrage Biol. Pflanz.,’ vol. 2. pp. 868 
md 489. 
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sixteen species. They aje parasitic in the raesophyll of the leaves of various plants, 
and are characterised by producing rounded resting-spores as intercalary Bevellings on 
the very fine, septate, intercellular mycelium ; these spores germinate like those of 
TUletia. In TUletia, however, the resting-spores form dense powdery aggregates, 
which is not the case with the more isolated spores of Entyloma. 

Of the various species of this genus referred to above, three are described as occurring 
in the leaves of species of Banmouliis. One of these— mnwncttZi— appears 
to be extremely common in some places, and has a wide distribution ; its resting-spores 
have often been described, and it is regarded by all the authorities as a well-marked 
species. It has, however, so far as I know, not been specially investigated iri detail, 
and, in addition to the other facts confained in the following memoir, it is of interest 
to have observed the germination of the conidia for the first time j the infection 
experiments are also new, and consequently important, and they establish beyond 
doubt the relations of the conidia to the Entyloma.* 

I now proceed to the description of my own observations, the completion of which 
has been rendered possible by an outbreak of the disease which the fungus induces on 
a large patch of densely crowded plants of Ranunculus Ficaria during the spring and 
early summer of tbia year j this patch of diseased plants was so favourably situated, 
and the fungus spread so rapidly and in such enormous numbers on it, that I was 
AnaVtlftf^ to observe and record some &cts of considerable interest respecting the origin 
* and spread of the epidemic due to the action of the parasite. Moreover, material was 
to in abundance and in excellent condition, and the circumstances were so 
fortunate that it was possible to note day by day the symptoms of the disease, and 
the progress, climax, and decline of the epidemic. I mention this expressly because 
it is not sufficiently recognised how necessary is the study of the diseases of plants in 
the fidd — clinically, as it were — as well as in the laboratory. 

The patch of BanuTUSulus referred to above extended some distance along the 
couree of a conveniently situated damp ditch ; during February and March thousands 
of young ftesh green leaves sprang up, and in April the ground was densely carpeted 
with, them ; the leaves were so dosely packed that the ditch appeared full of them. 
The ditdi itself runs nearly due north to south, and is only damp as a rule ; it 
becomes filled with water during heavy or continuous rain, however, and the water 

* respect to ttese conidia, it appears that Itave been described at yerions times as the 

spoies of oihfir species of IFoiigi, and thab Wintbb fbrat suggested their oonneotion with JSntyloma, Then 
ScHBOBTEB ohserred oonidia in coxmection with EniyUma seroHtMm. (Schbobtes, 2oc. cit, pp. 369 and 438.) 
WiBT» (^Kjypiogamen-FIora/ p, 113) sajs: — ‘‘ Sporidienhildnng anf der lebenden ISTahipflanze,” 
whidh QonTejB the impression that the resting-spores germinate in the leaf and hear sporidia on their 
promjceliik Thehodies here referred to are true oonidia, howeyer, as is clear irom mj ohserTations, and 
ive developed inde p e nde ntly of the resting-spores. Moreover, this is the first time the gemunation of 
the oomdia of sax has been followed and described (c/. Da Binv, ^Morphol. d. Pilze,’ p. 194), 

thus placang tihem eonneotum wiih the lEntyloma beyond donbt^ and explaining their nature as tme 
Qonidia.-«3fay 5, 1887. 
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runs off rather slowly to the soutL A fairly dense growth of hazel and other trees 
overshadows all, and in the summer but little sunlight reaches the plants in the 
ditch after noon : the morning sun nevertheless reaches the plants under and through 
the trees during the earlier months named. One consequence of all this is that the 
leaves of the Ranmioulus were very succulent, bright, and long-stalked, and, as 
already mentioned, appeared to fill up the hollow of the ditch. 

Towards the middle of April the bright green glossy leaves of the Ranuniouliis 
plants in a certain part of the above patch were noticed to be slightly spotted with 
white flecks, which increased in size and number day after day until before the middle 
of May a long tract — several yards — of the thickly growing leaves were infected and 
thus spotted. 

Before describing the phenomena more closely, and simply speaking of the white 
flA Qlrfl as the objftf obvious symptom of the diseased condition, I may call attention to 
one or two points which seem significant. Ranunculus Ficaria is an extremely 
common plant all over the neighbourhood of Englefield Green, and nevertheless I have 
failed to find the white spots on leaves in many places near. Nor is this all ; 
hundreds of plants on the eastern side of the garden (the ditch runs along the 
western side) have been examined, and no traces of the spots found, and even in the 
ditch referred to none of the plants in the iiorthem two-thirds of its length were 
spotted as described. The disease — the epidemic, I will say — commenced on a few 
plants in April, and spread southwards for several yards during April and May. I 
account for t.Tiia as follows : — ^The easily spread spores (conidia) of the fungus causing 
the disease were transfei’red by wind, and especially by water flowing southwards in 
the ditch during the rains occurring at various periods in April : the wind, as I had 
occasion to notice, was chiefly from the north and east at these times, hence the 
immunity of the plants in the northern parts of the ditch and on the other side of 
the garden. Even the fiict of a south-west or west wind occasionally does not 
contradict the conclusion when all the cunumatances axe known, for a high bank and 
hedo-e lie to the westward of the ditch, and the hazel trees mentioned above would 
screen other parts of the garden. 

An extraordinarily severe outbreak of the white spots occurred over the patch during 
the period May 6th to 12th, and it was then I noticed particularly how the epidemic 
spread to the south, and not to the north ; the period referred to was remarkable for 
very warm " steamy ” mornings and very bright noona A storm broke over Engle- 
field Green on Saturday, April 24th, and the ditch was flooded and overflowing for 
several hours, all the Ranunculus plants being bent downwards towards the south 
when the water had passed over and through them ; that the flooding in question 
distributed the spores which caused the sudden and extensive outbreak on May 6th 
to 12th will hardly be questioned after what follows, for I shall show that it requires 
from a fortnight to three weeks to develope a white disease-spot in the leaf finm a 
spore germinated on its epidermis. 
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I now pass on to a more detailed description of the white “ diseaee-spots ” on the 
leaves (Plate 10, fig. 1). On its first appearance the spot is pale and greenish, and not 
sharply marked off from the surrounding tissue, and it requires dose watching to be 
sure when it first becomes visible to the unaided eye ; shortly afterwards, the central 
parts of the enhuging fleck are pure white, resembling powdered chalk, especially when 
the air is warm and still, and the conidia to be referred to have accumulated in large 
quantities. As the white speck ages and enlarges centrifugally, it turns more ash- 
coloured or yellowish in the centre, and finally becomes brownish, or even dark brown, 

and tbe patch of tissue is dead. ^ 

These spots appear on both sides of the leaves, and are alike, except that the white 

stands out more sharply in contrast with the darker glossy green of the upper side of 
the leaf. Ou a warm, still morning, it is possible to collect relatively large quantities 
of the white chalky powder (conidia) from the more active flecks, and it will be seen 
how important this must be in the reproduction and spread of the fungus causing the 
infection. 

The white flecks are confined to the mesophyll of the leaf, and ^ he seen sharply 
bounded by the vascular bundles of tbe venation— for instance, in the fork whence 
two chief veins diverge— whereas they fede imperceptibly into the green of the 
mesophylL The leaf is not thickened at the infected spots, but it is very noticeable, 
as the spot increases in age, that it becomes thinner and dries up or rots ; in the 
former case cracking and tearing away from the healthy tissue, and, in the latter, 
feUing down as putrid shreds (fig. l). The difference depends on weather. In both 
cases the bits may soon disappear, and the leaf look as if a piece had been nibbled 
out. 

It will thus he seen that the diseased condition is confined to a given area ; the 
spots are local centres, and do not spread indefinitely over the leaf. I have counted 
5T on, a leaf than inches broad and long, and many more can co-exist on that 
area. In cases spots run together as they age. As I shall show later, each 
spot i^reads firom one centre only, i.e., from a stoma through which a germinal tube 
from a spore has passed ; the stomata are on both sides of the leaf. 

A curious, though by no means isolated, phenomenon is presented in the case of old 
leaver which have shown the spots at a late stage of their life, and then turned 
yellow before the spots reach their matured condition : this is the existence of a vivid 
green ring around the spot, and is, without doubt, due to the mycelium of the fringus 
VwrpiTig the cdls active after thrir nmghhours axe dead. 1 have noticed the same fact 
in the case of other pararitic fungL 

Sections through a young white spot show that a very delicate, copiously hrancfiied, 
mycelium exisiB between the cells of the mesophyll, both in tihe palissade and spongy 
tis&ue {%s. 7-14). Closer examination shows that the mycelium is segmented at 
ratiher long intervalB, btrt the septa axe very difficult to observe without reagents, 
owing to their tbinneas and that of the outer walls, and to the dense, finely granular 
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protoplasm in the hyph». If the sections are made through somewhat more advanced 
spots, the following additional peculiarities are noticeable (fig. 11). The mycelium 
has increased, and now sends branches into the lacnnse beneath the stomata. These 
branches fill up the interspace, and at length project through the orifices of the 
stomata in dense tufts or pencils (figs. 2, 6, and 11). The liyphse are also seen to be 
mingled with numerous small spherical bodies — ^the resting-spores of the fungus. 
Subsequently the number of these spores increases enormously, until, in old spots, 
every nook and cranny between the cells is packed with them. Meanwhile, the 
pencils of hyphse projecting to the exterior have produced innumemble colourless 
conidia from their free ends (figs. 3, 4, 5, 12, 13). It is these tufts and conidia which 
give the white powdery appearance to the spots. 

Having thus given a general account of the fungus, I may proceed to describe 
further details as to the intercellular mycelium. It is not difficult to observe that at 
the margins of the spots (in the mesophyll tissue) the tips of the hyphse are extending 
radially in all directions, branching as they do so, and forming septa behind the apices. 
Where the hyph» pass along the wall of a cell, they frequently form flattened short 
branchlets or tufts, closely appressed to the outside of the wall of the cell (fig. 7), 
t.e., on the side bounding the lacunae. These flattened tufts of branchlets are 
strikingly suggestive of haustoria, though they do not obviously pierce the wall. 
The hyphae appear never to be intracellular. In some cases, with the aid of reagents, 
I have convinced myself that the attachment of these haustoiium-like branchlets to the 
cell-wall is very dose, and cannot help suspecting tliat eitha* fine threads of proto- 
plasm paw* out to them from the sac of protoplasm inside, or that they send such 
fine threads through the cellulose ; it has so far been impossible to place this beyond 
doubt, however. Although the hyph® do not penetrate into the cavity of the cell, 
they can pass in the primary cell-wall (the middle lamella), and so force their way 
between two contiguous cells. Good sections show’ this distinctly, though, owing to 
the delicacy of the hyph®, they are not easy to obtain. Moreover, as will appear 
clearer shortly, the tips of the hyph® can make their way to the exterior between 
contiguous cells of the epidennis (figs. 11 and 14). 

FoUovring those hyph® the tips of which protrude through the stomata, their ends 
are found to give rise to delicate colourl^ conidia by abstriction. Taking a given 
hypha, it grows out into the damp air or water, and its tip swells up slightly into an 
o.void body which may lengthen considerably or not before it is separated off as a very 
delicate colourless conidium, with an extremely thin cell-wall and finely granular 
a-nd vacuolated protoplasmic contents, in which minute brilliant oil-like drops axe 
suspended. 

In some cases, apparently in drier warm weather, the protruding hyph® are 
relatively short, and the conidia ovoid or slightly reniform (flg. 3) ; in other cases, 
apparently in wet weather, and certainly in water (fig. 2), the hyph® may protrude 
twice as fer before the conidia are abstricted, and the latter are then longer, more 
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curved, and relativelj thinner (fig. 6). Under suoli circumstanoeB a conidium may be 
seen to germinate before it falls off from the hypha; or the hyphse may go on growing 
longer and longer for many houra. to end at last, however, by forming long conidia at 
the extremity, the intermediate part dying off (fig. 2, a). Such abnormally long conidial 
segments are easUy obtained by aUowing the tufts to grow out from the stomata of 
cutoff pieces of epidermis suspended in water; the tufts thus produced are curiously 
suggestive of the so-called Ramiilaria, Cercospora, &c., of atithors. The tufts of 
conidia are like GlcBospoviuin FicuricB (Berk). 

The normal conidia are club-shaped or long ovoid bodies, slightly curved, and more 
pointed at the attached end. They were to be obtained in any quantity, on the leaves 
in the ditch referred to above, in May. and I was able to obtain pure sowings of them 
with ease, by removing them lightly with a fine camel-hair pencil, and thus not only to 
observe all stages of germination, but also to infect clean plants with certainty. 

Sown in water, in ha.nging drops kept over damp cells, the conidia germinate readily 
under favourable conditions. I have noticed that in many cases a sowing of two or 
three conidia in a drop remained unaltered for several days, the conidia finally dying 
off, or one or two germinating at last ; whereas, in drops containing some dozens of 
the conidia, the germination sometimes followed more rapidly and certainly. At first 
I put the phenomenon down as probably due to temperature ; further experieuoe 
leads me to doubt the aocurai^ of that conclusion. Another point I am convinced of; 
conidia sown in a drop of water on a leaf of the living plant germinate more readily 
than those in a aiTnilar drop on glass. Nevertheless, it has been sufficiently easy to 
get the conidia to germinate in rain water, and I have seen hundreds, and perhaps 
thousands, of them in all stages of germination. 

To describe a concrete case. The conidium (a, fiig. 23) was sown in the morning 
about 8 o’clock, and remained almost unaltered for 24 hours ; next day, at 2 p.m. — 
i.e., 30 hours after sowing — ^Lt had commenced to germinate (6), throwing out a delicate 
tube at either end ; at about 10 p.m. (the same night) the stage c was reached, the 
germinal tube at the one end had grown to a short length only, and then its end had 
swollen up into a secondtuy conidium, taking the protoplasm from the rest. It ’wiU be 
noticed that the thin tail-like germinal tube at the other end of the conidium became 
empty, and that thre» septa appeared— one cutting off this empty tod-like tube, 
another dividing the main body of the conidium, and the third cutting off the 
successful germinal tube (as we may term it) from the now empty conidium. I 
mention these frets because it will be seen that these septa — ^usually three in number 
— constantly reemr, and the tail-like unsuccessful appendage seems to he always formed 
and emptied as described. At 9 a.m:. on the third day — i.e., 49 hours after sowing — 
the secondary conidium (fig. 23, d) had commenced to put forth a short lateral hypha, 
which by 2 p.m. («) had grown out as a thin, feebly-coiled, and very delicate hypha, 
while a second similar hypha was forming above. These thin hyphse grew a little 
longm*, and then stopped (/). 
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In fig. 24 are sho-wn other conidia germinating in the same way, under the same 
conditions ; the slight variations in detail do not affect the general conformity to the 
ahove type. It frequently happens that two conidigb ** copulate after they have 
formed the secondary conidia, or during the development of the latter (fig. 25). This 
often occurs when the conidia are numerous, but by no means always ; the after- 
effects of such copulations, if they exist, do not manifest themselves clearly in the 
ftirther fate of the secondary conidia ; they appear to behave exactly as if no copula- 
tion had occurred. 

There is a small point of some interest to be noticed here. It has already been 
stated that the cellulose wall of the conidium is exceedingly delicate; it results 
thence that when the conidium is deprived of its protoplasmic contents the remaining 
empty is barely visible, and easily overlooked, and the same is true of empty 
portions of hyphce. It often happens, therefore, that such specimens as those in 
fig. 24 (» and r) are not at first sight quite intelligible, until more careful search 
results in the discovery that the empty conidia, &c., are still attached ; in other cases, 
however, the remains of the conidia become destroyed {e.g., by bacteria, &c.), and the 
delicate hyphae containing the protoplasm persist alone. I have excellent reasons for 
believing that such hyphae are not necessarily dead, and that the presence of certain 
finA hyphae on the leaves is to be explained as above. 

First, however, it will be advisable to see what occurs when the conidia are ger- 
minating in a drop of water on the leaf of the living Manunouhis, and where the 
increased supply of oxygen may be one of several causes for the fact stated above — 
that the conidia germinate more rapidly. 

In figs. 26 and 27 are shown several specimens of germinating conidia, which had 
been sown in drops of dew on the living leaf, the plant bemg kept in a cool green- 
house under a glass bell-jar. It is at once noticeable that several of the conidia have 
proceeded at once to the development of the germinal hyphse without the prehmiuary 
formation of the secondary conidia ; the germinal tubes are thicker and stronger than 
is the case with sowings in pure water on glass. Here and there a case occurs (fig. 27) 
where the secondary conidium is interpolated as it were, but this at once proceeds to 
develops the germinal mycelium. Of course, the specunens figured are such as have 
not sent their hyphae through a stoma ; very many of them would do so about the 
second or third day after sowing, as shown in figs. 29 and 31. 

It is now necessary to return to the mycehum in the intercellular spaces of the 
mesophyU of the leaf. It is observed in all eases where the white spots are fiurly 
advanced, and wherever the conidia are developed in abundance on the exterior, that 
numerous spherical resting-spores exist among the closdy weaved branching hyphoe. 
Thin sections and careful examination show further that these resting-spores are 
formed in the course of the hyph© t hems elves as local dilations, or, more rarely 
perhaps, at the ends of branches which may be very short (figs. 9, 10, 17). It is 
possible to macerate or tease out specimens showing all the chief stages of develop- 
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meat. The resting-spore, at first simply a thin-walled dilation of the hypha, becomes 
separated by a septum, and its wall thickens gradually, bright granules and fat-like 
drops accumulating in the granular protoplasm. When quite mature, the protoplasmic 
contents assume a yellowish oast, but the thickened wall is only riightly yellow or 
colourless, perfectly smooth, and devoid of markings or mucilage, simply showing a 
slight tendency to stratification. It is not an uncommon event to meet with specimens 
like fig. 9, where one or two little brancHets arise dose to the young spore and even 
appear dosdy appHed to it (fig. 17) ; whether these are to be looked upon as repre- 
senting degraded poUinodial branches, or whether they are merely of the nature of the 
haustorium-like branchlets referred to before, I cannot decide ; it is quite certain that 
no fertilising tube is formed — ^the i^esting-apore arises purely asexually. The ripe spore 
exhibits a paler translucent spot in the centre, shining through the fatty and finely 
granular contents ; it is perfectly easy to convince one’s self of the attachment of the 
spore to the hypha in macerated specimens (figa. 10, 14, 19), 

It is an obvious question t On what does the proof that the resting-spores and the 
conidia belong to the same fiingus rest ? The reply is simple and conclusive, though it 
has been by no means easy to obtain it. Putting aside the universal occurrence of the 
resting-spores in the white spots (fig. 1) as soon as they are well developed, and 
passing over the suggestive similarities to the *^sporidia of other XJstilagineas, shown 
in the germination of the conidia (fig. 25), there are two series of observations which, 
together with these, place the connection between the spores beyond doubt. 

In the first place the examination of very large numbers of careful sections has 
resulted in the obtaining of preparations like figs. 12-14, in which, although the 
anatomical continuity between a conidium and a resting-spore is not absolute, there 
can be no doubt as to the existence of that continuity. In fig. 1 4, the clearest ease, 
the branch of the mycelium, passing up to the exterior, would end in a conidiophore, 
and it is attached to a branch bearing a resting-spore ; and an examination of the 
other figure leads to the same conclusion : the difficulty of laying bare the hypha 
along its whole course is, of course, immense. The conclusion of the proof of con- 
tinuity, however, is fully established by the production of the resting-spores from the 
conidia sown on the leaf. 

I have already mentioned that when the white spots are at their best they are 
covered with the numerous conidia as with an impalpable chalky powder ; the resting- 
spores do not come to the outside, and thus it is perfectly feasible, and even very easy, 
to obtmn pure sowings of the conidia by lightly passing a camel-hair pencil over the 
spots on an undamaged leaf I have paid a great deal of attention to this matter of 
pure sowiugs and pure culture, and most of the dean sowings on glass (e.p., fig. 28) 
were obtained in this way : a clean, new camel-hair pencil was drawn lightly over a 
vigorous white spot, and a leaf infected in the manner described below, and then a 
glass slide was touched with the pencil, which still retained conidia ; the purity of 
the last sowing was evidence of the purity of the infective sowing. 
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The method of infection is simple. The camel-hair pencil (or a clean needle), 
charged with oonidia, is lightly placed for a moment in a drop of dew, or of distilled 
watef, on a leaf of Ranunculus Fkaria. The sowing is then kept moist, either hy 
rnpATia of a boU-jar placed over the plant, or by means of a damp-cell kept over the 
drop containing the sowing. 

Precautions were tahen to obtain the experimental plants from a distance, and from 
localities where no white spots were found on the leaves ; moreover, I kept uninfected 
plants from the same neighbourhood in the same dosed greenhouse, during the 
progress of the observations, as control plants. In aU but one or two cases the 
infections succeeded perfectly, and in most cas®? the infective capacity (if I may so 
term it) of the conidia was most strikingly displayed. 

It was perfectly easy to obtain such preparations as those figured at figs. 29 and 31 
by stripping off the epidermis at the spot where the sowing had been made a few 
(12-24) hours previously; and similar preparations were obtainable any rainy day 
from the wet leaves in the ditch referred to above, espedally when the leaf was first 
laid on water for a few hours. As the figures show, the conidia germinate normally, 
and at once proceed to push their germinal hyphse through the wide orifices of the 
stomata; very often the germinal hypha makes coils, and it is usually at least 
sinuous. The unsuccessful tad-like hypha is developed at the opposite end of the 
conidium, as before ; but the formation of the interpolated conidium is very rare— the 
germinal tube at once enters the stoma nearest it. Gf. figs. 23—27 and figs. 29 and 31. 

When flynTnining recently infected leaves, or young leaves from the damp ditch 
which were expos^ to all the conditions necessary for infection, I often observed 
delicate little stretches of hyphae lying on the cuticle, and looking like bits of a 
filamentous Schizomycete : two such bits are shown in fig. 29. Moreover, it was a 
by no Tniafl.Tia uncommon occurrence to see similar filaments on the inside of a stoma 
closely applied to the walls of the guai'd-ceUa, and evidently making their way 
inwards. It seems not improbable that these isolated filammxts are really pieces of 
the germinal tubes, which have been formed at some distance from the stomata, and 
have become detached by the decay of the exhausted portions of hyphse or spores 
behind them. I have already shown that the protoplasm passes along into the ends 
of the delicate germinal tnbes^eaving the empty and exhausted portions behind to 
die off {cf. fig. 24), and it is certainly not impossible that by this means these 
filaments can creep forward, so to spe^, to distances greater than the tube fell of 
protoplasm can reach— in fact, we may say the germinal tube creeps along by building 
its own ladder behind it. 

Be this as it may, the leaves are easily infected by means of the conidia, and in 
nearly every case a pallid greenish-white spot was found on the infected leaf in from 
13 to 19 days from the sowing: moreover, the spot was always confined to the area 
on jvhich the sowing was made. 

The following list of iirfections will serve to dlostrate this. In each case three 
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leaves ^'ere iiifected-^iie leaf on each plant-and controllsd as described. The date 
of sowing the conidia on the leaf is given in the second column, and the date on 
which the pallid spot was clearly visible in the third column : it should be noted'ttot 
some difSculty occurs in deciding exactly when the pallid spot is visible, a difficulty 
which depends partly on the observer and partly on the hue of the leaf. The yellow 
spot of a Uredinous fungus is much easier to detect than these pallid greeuish-white 



TTflnnA the periods given in the Table are only approximate— indeed, they could not 
he otherwise so long as we are ignorant of the exact period occupied by the conidium 
in germinatiog, and by the fungus in making its progress through the tissues. 

At» 1 now arises the question — can we throw any light on the problem as to the 
relative ease with which a parasitic mycelium invades its host ? 

So far as it goes, the following evidence seems of some value. I found that those 
plants of Banunculus Ficobria which grew in the shaded damp ditch were infected 
more earily than planis growing in open drier situations. The differences between 
these two kinds of plants, so far as the leaves are concerned, are chiefly as follows ; — 
The more shaded plants have much larger leaves with mnch longer petioles : the 
la;iniT>5B are undoubtedly softer in texture, and brighter green in colour, the smaller 
tougher leaves of the plants in tiae open being of a dark and glossy green, especially 
above. These differences correspond to differences in minute' structure : the shaded 
leaves have shorter, looser, paJissade cells, and more intercellulax spaces between them 
and in ihe large loose spongy parenchyma. Moreover, the stomata on the upper 
soriace appear to he more numerous : on the lower surface the stomata seem to he 
larger, but I cannot say they are more numerous. The stomata have wider 
openings in the damp shaded plants, and the cell walls of all the parts are thinner 
and more watery ; of course it may he assumed that there is more aqueous vapour in 
the inteic^ular spaoea Taking all these f^s into consideration, I see no difficulty 
in explaining the differences in the times occupied in infections ; and they also throw 
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ligbt on the vexed question which has arisen around the unfortunate word “pre- 
disposition.” 

The plants in the ditch were certainly more apt to be diseased than others in the 
open, because the disease, once established, could spread like an epidemic under the 
conditions existing. I have other facts in other connections which bear out this, and 
I hope some time to be able to devote special and continuous attention to this 
question. 

I do not propose to enlarge upon the subject of the reating-spores. After some 
months in liie dormant condition they put forth promycelial tubes, from whidi 
sporidia are developed which seem to behave like the conidia described ; the type of 
germination is like that of Tilletia, 


Description of the Figubes. 


PLATE 10. 

Fig. 1. A leaf of Ranunculus Ficana with the white disease-spots contaimng the 
parasite. Two of the white spots are turmng ashen grey in the centre, and 
a still older spot at the margin had turned brown, and the rotted tissues 
then fell away. The chalky appearance of the younger spots is due to the 
conidia. There are spots on both sides of the leaf. 

Fig. 2. A stoma with the hyphae of the Entyloma protruding — ^from a leaf laid 
12 hours in water. To the right is one of the hyphae about to form a 
conidium at the apex. The hyphae are here very long, since they grow into 
the water. (Zeiss, E.) 

Fig. 3. ffiTnilnr pencil of hyphae protruding from a stoma, and bearing conidia. The 
preparation is tahen fresh from a leaf growing in not very damp air, hence 
the shorter hyphae and conidia. (Zbtss, E.) 

Fig. 4. Pimilftr preparation— one of the conidiophores slightly branched. (2ei8S, E.) 

Fig. S. ptimilftT preparation from leaf in damp ditch, and taken in wet weather, 
showing the elongated form of the hyphae and conidia. (Zeiss, J.) 

Fig. 6. Stoma with protruding conidiophores from the margin of a young spore. The 
fungus is still yotmg. (Zeiss, E.) 

Fig. 7. A cell from the spongy mesophyll of Ranunculus Fiearia, with copiously 
branched hyphae of Entyloma ranunculi closely applied to its walla. 
(Zeiss, E.) 

Fig. 8. Cells surrounding an intercellular space, with the mycelium of the Entyloma 
Qn and between the cells. (^Zeiss, D.) 
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Fig. 9. Portion of epidermis stripped off and examined from inside, sho-wing branched 
mycelium of the Entyloma running between the underlying mesophyll cells 
(these are omitted for simplicity). Nuclei and plastidia are seen in the out- 
lined epidennis cells. Eesting-spores in various stages of development are 
being formed by the mycelium ; most of these are intercalary, one is at the 
end of a short branchlet. Haustorium-like protuberances are frequently 
developed and some branches anastomose. (Zbibs, J.) 


PLATE 11. 

Fig. 10. pimilHT preparation, the mycelium much branched. (Zeiss, J.) 

Fig. 11. Transverse section of a leaf of R. JFicaria, through a -vrell-developed and 
active disease spot. The intercellular spaces are blocked up with mycelium and 
resting-spores ; in the lacunae below the orifices of the stomata the mycelium 
puts forth dense pencils of oonidiophores. In the figure the stoma on the 
upper surface is cut longitudinally, that on the lower surfece transversely 
fl-Tid nearer one end. Oonidiophores are also seen fording their way between 
the epidermis cells of the upper side. The mycelium is all intercellular ; 
wherever it appears otherwise, dose examination shows that it is applied to 
the exterior of the thin walls. (Zeiss, D.) 

Fig 12. Portion of extremely thin section through a disease spot, macerated and 
teased out. The two contiguous cells of the epidermis between which the 
hyphae forced their way to the exterior have become separated. Two 
resting-spores among the hyphse below. (Zeiss, J.) 

Fig. 13, Similarly teased preparation. The hyphse are older and show the septa 
more clearly. (Zauss, J.) 

Fig. 14. Portion of very thin section as before, hardened and examined in glycerine. 

It shows very clearly the passage out of the conidiophore in the middle 
lamella of two contiguous epidermis cells. The vertical branch to the right 
appears to have passed out sinailarly, but was cut ; it is attached below to a 
branch bearing a resting-spore. (Zeiss, J.) 

Fig. 15. Lacuna between palissade ceUs firom similar preparation ; it is filled with 
resting-spores. (Zbibs, J.) 


PLATE 12. 

Figs. 16-18. Mycelium with resting-spores teased out and isolated from macerated 
spedmena. (Zeiss, D.) 

Figa ] 9 and 20. Besting-spores in various stages approaching maturity. (Zeiss, J.) 
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Pig. 21. Mature resting-spore. The contents are more finely granular and translucent ; 
a portion of its mycelium is stOl attached. (Zeiss, J .) 

Fig. 22. A resting-spore commencing to germinate. (Zeiss, E.) 

Fig. 28. Germination of the conidium of Etityloma ranunculi. After lying twenty- 
four hours in water it swelled up slightly and presented the appearance 
drawn at a ; six hours later, i.e. at two P.M., it had commenced to germinate 
(6) ; c, the same conidium at ten p.m. ; d, at nine a.m. next day ; the secoudary 
nntii/Iinin is now Commencing to germinate. At two P.M. the stage e was 
reached, and soon afterwards (/) the growth had ceased, the two little 
germinal tubes having taJren all the protoplasm. (Zeiss, E.) 

Fig. 24. Conidia germinating in water on glass as before. The empty eonidia and 
other parts decay and disappear, and the still living portions are thus com- 
* pletely isolated. (Zeiss, E) 

Fig. 25. Two germinating conidia which have copulated. This is a very common 
event where they lie close together. (Zeiss, E.) 

Fig. 26. Conidia germinating in drops of water on the leaf. The secondary conidia 
are not formed, as a rule, and the germinating hyphse are stronger and 
branch more. (Zeiss, E.) 


PLATE 13. 

Fig. 27. Similar preparation. (Zeiss, E.) 

Fig. 28. Conidia attached to branched conidiophore (below), which had been allowed 
to grow out in water ; and a germinating conidium ; both more highly 
magnified. (Zeiss, J.) 

Fig. 29. Portion of epidermis of Jl. Ficaria with conidia of E. ranuncfidi germinating 
on it. Germinal hyphse are entering the orifices of the stomata ; two pieces 
of germinal hyphse (?) are lying on the epidermis cells. Inside the latter are 
nuclei and plastidia. (Zeiss, E.) 

Fig. 30. Portion of mycelium allowed to grow out into water ; the protoplasm aggre- 
gates in certain cells and branches, and the septa are very distinct in the 
empty branches. (Zeiss, E.) 

Fig. 81. Stoma with two germinal hyphse entering its orifice ; seen from within. The 
spores are visible through the epidermis. (Zeiss, E.) 

Fig. 82. Stoma seen from within. On its walls are thin branched hyphse of unknown 
origin, but which may possibly be isolated pieces of germinal tuba (2[eiss, E.) 
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TY. MesearcHies on the Structure, Organization, and Glassification of the Fossil 
Reptilia .* — ^I. On Protorosaurus Speneri (von Meyer). 

By H. G. Seeley, F.R.S., Professor of Geogi'aphy in King's College, London. 


Bieceiyed and Bead, February 3, 1887. 


[Plates 14-16.] 


Protorosaurus Speneri, one of the earliest known fossil reptiles, has been already 
studied and described by Baron Ouvebb, Hermann von Meyer, Sir Ejchard Owen, 
n.T>d Professor Huxley. Occurring in the Kupferschiefer, and therefore of Primary 
age, the exact determination of its structm'e and affinities has become of some interest 
in relation to the great development of Reptilian life which characterises the succeeding 
Triassio period. 

The most interesting example of Protorosaurus is that originally obtained by 
Sfener, which he described and figured in 1710, and regarded as the remains of a 
Crocodile, t His view was confirmed by Link. But Kundmann of Breslau in 1737 
interpreted the remains as those of a new type of large-headed fossil-lizard. This 
conclusion was substantially adopted by Cuvier, who in 1808 made the animal 
universally known as the fossil Monitor of Thuringia. J Cuvier had never seen a 
specimen ; and was dependent upon the figures published by Spenbr, Link, and 
Swedenborg, and a drawing, which ho published, of a specimen preserved in the 
Royal Museum at Berhn, He remarks that the head is not without resemblance to 
that of the Nilotic Crocodile, and, as Spenbr only knew drawings of the exterior of 

• Some time ago the Eoyal Sooioty did me tte honour to place at my diepoBal grants from the 
Government Grout I^d, for the mvostigation of tho Fossil Reptilia. They enabled mo to make studies 
and proliminaij desoriptions of a krgo mass of materials in Oontinental and English oolle^ons. Some 
of these, which were chiefly of geological interest, wore laid before the Geological Society. Others 
further work before they could be used to elucidate the structure, oi-ganization, and olnssiflcation 
of tho Fossil Reptilia. Tho genoral results to which the researches have led are necessarily oraneotod 
with the detailed evidence on which they rest ; and I now propose to submit to the Real Society any 
account of such gonero. and ordinal groups as fall within this fluid of woi*k, as well as discusnons of 
the distinctive ostoologioal organization which some orders have in common, before summarising the 
claBsi&catioiL 

t ‘Miscellanea Berolinensia,’ BeroHni, 1710, T. 1, p. 99. " DiBq,uiaitio de Crocodile in Lapide, 4 b.,” 
figs. 24, 25. 

t ‘ Annales du Musdum,* T. 12, p. 79, Plato 10. 
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the Oi-ocodae, his identification was excusable. Cttvieb goes on to argue that the 
number of teeth in the lower jaw of a Crocodile is at fewest fifteen, while in the upper 
jaw there would be seventeen or eighteen extending back to the middle ot the orbit, 
whereas the fossil has only eleven teoth, which reach back to the anterior angle of 
the orbit. On this evidence the skull is interpreted, as that of a Laceitiliaii, allied 
to the Monitor. The author goes on to show that other parts of the skeleton conlinn 
the inference from the skull. Thus the hind limb has five digits, with the number of 
phalanges in them successively 2, 3, 4, 5, 3, which agrees with the Monitor. The 
correspondence extends to the larger bones of the extremities. Cuvieti only detected 
two differences of specific value : first, the spinous processes of the dorsal verbobrco 
are much more elevated than in Monitors ; and secondly, the foreleg is relatively 
longer in proportion to the femur and the foot. It is unnecessary to offer any detailed 
discussion of this interpretation, for the figure now given, when compared with 
Spener’s figure, shows that Cuvxbb. had not the evidence fairly before him. 

Von Mjeteb also studied the published figures, and came to the couclusion that 
the fossil was neither a Crocodile nor a Monitor; but that it was an extinct 
type which differed by remarkable modifications and peculiarities fi'oin the Saurinn 
group. In consequence he founded the genus Protoromurus in 1830, and dosoril>od 
the spetaes as Protor'oaavrus Sjpeneri in 1 832.* Ouvxbr'h influence, however, oontiimixl 
to govern the views held as to the aifiiiities of this animal, nltbough von MRywn’s 
name was adopted in Owen’s ‘ Odontography.’ Eventually von Mbymii, finding 
in various museums twenty-one specimens which appeared to him rofei'ablo to 
ProtoTosaurus, made these fossils the subject of an elaborate monograph with nine 
folio plates, published in 1856. t Neaily all iliese specimens were studied and 
measured by the author. But unfortunately the type, which passed into the ooUeo- 
tion of John Hxjntbe, was unknown to him, and he reproduces in outline Spener’s 
unsatisfactory figure of 1710. Yet such was von MEVEa’s coufidenoa in the figure 
that he supposes the soft parts about the mouth to be preserved. Nothing of value, 
ther^ore, is contributed to knowledge of the skull. The whole of tlie specimens aro 
referred with some doubt to one species ; and a detailed anatomical dosorlptlon Is 
given of the several regions of the skeleton. The neck is suggestive of tho vortobvm 
of Qmithosaurs and of the Gii'affe, but is not compared with that of a Bird because 
the number of cervical vertebrse recalls that of the Crocodile. Tim doiml vertebrae 
are more numerous than those of the Crocodile, but tbeir shape differs from that seen 
in all living Saurians [as then known]. The ribs on the whole were Laoertilian. The 
absence of lumbar vertebrae was regarded as ooudusive against affinities with Monitors. 
The sacral vertebrae in the several examples are cou&idered to number two, throe, or 
four. The tail vertebrae are distinctive in having the neural spine divided. In the 
shoulder-girdle some resemblances are seen to Archa^osauros. No important 

* ‘Faleedogioa,’ 18S2, pp. 109, 208. 

t * Pa-ana der Vorwalfc,’ “ Samier ana dom Elapfendiiefer d« ZocluEein-Formation.” 
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condusioDS are drawn ficom the larger bones of the limbs. And the hand and foot 
both show Lacertilian characters. There is no dermal skeleton. This description is 
the basis of most accounts of the animal which have been published. I find no 
from VON IdsTEB possible except perhaps as to the reference of the remains 
to one species, and as to the absence of a dermal skeleton. 

Sir Eiohajeu) Owen first noticed Protorosaurus Speneri in his ‘ Odontography/ * 
and subsequently, in biH * Catalogue of the Fossil l^eptiles and Fishes in the Royal 
College of Surgeons’ (1854, p. 80), mentions that the specimen there preserved is 
Speneb’s type, which passed into the collection of Dr. John Woodwabd, and was 
purchased by John Hunter at the sale of Humphrey’s Museum, t In Sir Richard 
Owen’s ‘ Palasontology ’J it is stated that the head equals one-third the length of the 
neck and trunk, and resembles in shape a long, slender, obtusely-pointed cone. It has 
strong straight jaws, armed with sub-slender, sub-equal, straight, conical, sharp-pointed 
teeth ; about eighteen on each side of the upper, and sixteen on each side of the 
lower jaw, implanted in a single close-set series of sockets. After describing the 
remainder of the skeleton, it is remarked ; “ Of existing Reptiles the largest carnivorous 
Yoranian Monitors {e.g., Famnus, Hyob'osaurus) offer most resemblance to the 
Pi'Otw'OHaw'Us, which had evidently the same powers of progression, as well on land 
as in the water. But this oldest known Lizard pi-esented a more powerful and complex 
framework. The neck is longer and stronger, the vertebr® rivalling in proportion 
those of Pterodactyles ; the head is relatively larger and with more firmly fixed 
teeth ; the dorsal spines are loftier and larger than in modern Monitore ; the lai'ger 
sacrum accords with the relatively larger and stronger hind limbs. The more 
numerous diverging processes for the attachment of the tail musdes bespeak the more 
vigorous actions of that part. AJl the vertebral bodies have sub-concave articular 
ends, and it may be conduded from the length and strength of the tail, from the 
peculiar provision for muscular attachments in that pait, and from the proportions of 
the hind limbs that the ProUn'omunts was of aquatic habits, and that the strength 
of its neck and head, and the sharpness of its teeth, enabled it to seize and overcome 
the struggles of the active fishes of the waters which deposited the old Thuringian 
copper slates.” This aTiiTnH.1 was referred provisionally, and with doubt, to the order 
Theoodontia. But some evidence has since been adduced by Professor Htjsxby to 
show that Tliecodontosawrus and PdLceomv/rus may be dassed with Dinosaurs j so 
that, if the Theoodontia should be sustained as a group distinct from the Parasuchia, 
which appears to be synonymous, the suggested affinities would indicate that 
Protorosaurus, although written of as a Lizard, was regarded as approximating to 
Dinosaurs and their Crocodilian allies. I find mysdf, however, differing from Sir 
'R.TnTTA-R.n Owen os to the condition of the teeth, for I can detect no oondusive 

• Vol. 1, p. 269. 

+ * Desorip. Cat. Fossil Eept, and Pisoss,* 1854, p. 80, 

t P. 280, 2ad ed., 1861. 
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evidence that any were contained in socketa And, if so, the evidence disJippeni’P 
which would refer the animal to the Thecodontia. The other chai-acteristics mentioned 
are essentially a summary of the views of CuviEB and VON Mbybb, unsupported by 

new evidence. i i . i > » 

Pi-ofessor Huxley discussed this animal in his ‘ Anatomy of Yertebrated Animals, 

dassing it vnth Lizards, in a position intermediate between the fossil group 
Eomceosauria and the Platynota, which comprises the Old World Monitors. Von 
Meybb's suggestion that it is the type of a new group is adopted, and the group is 
named Protorosauria. The skuU is said to he of modemte size, prcseiwod in one 
specimen only ; in that it is in such an impeitect condition that the details of ii« 
structure cannot be made out. The teeth, however, are nearly straight, conical, and 
sharply pointed, and seem to have been implanted in distinct sockets, though there 
may be some doubt on this point. The tail is long and slender, and tho liinlis well 
developed, as in the existing Monitors. In the abdominal region numerous shoi’t and 
filiform hones appear to represent and coiTospoud with the abdominal ribs of 
Plesiosauria and Ck-ocodilia, Beyond the middle of the tail tho spinons procossos 
bifurcate, so that each vertebra seems to have two spinous pirictJSSoH, ti itoculiarity 
unknown in other Laoertilia. Tlie large chevron hones are ariicubi>t(‘d helwoen tho 
bodies of the caudal vertebrae, as in Orocodilia, hut also jxh in some Lacortllia, such as 
the Geckos. In the pes the number of phalanges is cliaraoteiistiwilly Laocrtiliau, and 
so is the form of the metatarsals. The tarsal structure is compared with that of tho 
Geckos. I find the skull m-ushed and badly preserved, but perlbctly intolligihlo. 

A specimen from Durham, described by Messrs. ILvn(J0('K and Howsm, jwlds nothing 
to the sdentifio history of the type, beyond its presence in a British Poj'iniuu dojxwifc. 

In these several studies there are substantially only two interpretations of 
Protorosawrus ; first, Cuvtbb, and Huxley doss it unreservedly with Lizards; 
secondly, von Marsm and Owen refer* it to a new lUjptilian typo. YonMbykii 
afifirmed that it is neither Lizard nor Crocodile ; but saw m it resomhlunccs to thow) 
animnlfl, as wcU OS to AvdKBgoscm'us and Pterodactylos. Tho diilicul ty in iMumonising 
these different views has been partly in want of knowledge of the skull. 

Professor Chablbs Stbwaet, Conservator of the College of Burgeons Musoiun, 
having recently rearranged the Beptilia, and placed SuBNEii’a fossil in an accessible 
position, I have been able to make some notice of its structure. And I havo to thank 
the President and Council of tho College for permission to obtain drawings of tho 
remains ; and to thank Professor Stewart and Dr. Gaeson for fuoilitios aflordocl mo 
in making the following description of the typo of Pi'otoromwm Spemn, 


* P. 226, 1871. 
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Paet IL 

The Specimen in the Museum of the Royal CoUege of Surgeo^is. 

As figured by Spbner, the pknil is represented as having a blunt conical snout, which 
overlaps parts of some vertebras, so as to terminate at the junction of the centram and 
neural arch. The extremity of the jaw for a length of 12 or 13 millims. has been 
destroyed since that figure was drawn (Plate 14), so that, though the s kull, as preserved, 
is 7 centims. long, it may originally have been 1^ centuns. longer. TJiis destruction 
of the anterior end of the jaw makes it impossible to determine whether the anterior 
nares occupied a terminal position as in Crocodiles, or whether they are to be sought 
in the small ant-orbital vacuities, which we shall find situate, like the nares, in 
Iohthyosam*U8. This uncertainty affects the interpretation of the bone which carries 
the teeth. It may be either pre-maxillary or maxillary ; but can only be maxillary 
on the hypothesis that the pre-maxillary bones ai'e lost. But Spbner’s figure gives 
no indication of the nares having been terminal, and so far is evidence agamst that 
condition ; and the position of the nares must be inferred from their condition in the 
animal types to which the fossil may prove to approximate. 

The skull is crushed and flattened obliquely, so as to display its lefL side, together 
with the roof bones of the head* It is displaced from connection with the vertebral 
column, and its hinder lateral region is covered up by the anterior cervical vertebrae, 
which obliterate the bones which would demonstrate the aflfimties of the animal 

The ci'anial bones are all remarkably dense and thin, in harmony with the large 
medullary cavities and thin walls of the limb bones ; and this osseous condition 
approximates to that which characterises the bones of Omithosaurs and Birds. Some 
approach to this condition is seen in the limb bones of Lacertilia, and in Crooodilia 
and Dinosauria, though some American fossils referred to the Dinosauria, such as 
Megadixctylus p)olyzelus (Hitchcook),* have the walls of the limb bones thinner. The 
solid character of the articular ends of bones in Protoi'osauruSf however, would 
indicate a method of ossification by conical terminal epiphyses descendmg iuto the 
shaft, like that which characteiises the Batrachia, Plesiosauria, and cei*tain Chelonia ; 
so that the evidence of affinities must be fully stated before any conclusions can be 
based upon the thinness of the cranial bones. 

The irain-cavity. — ^The region of the brain is seen to be very narrow from side to 
side posteriorly towards the occiput, and to widen transversely as it extends torward 
towards the orbits. Portions of the parietal and frontal bones are lost, and their 
removal shows that the cerebral hemispheres were well developed. They are convex in 
length, broad, defined anteriorly by a groove in the matrix, and rounded anteriorly as 
though the brain case were closed anteriorly by bone. The lateral compression of the 

♦ OoPB, ‘ Ti’flns, Am, Phil. Soo.,* vol. xiv,, Plate 13, p. 122a, 
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part of the parietal region which is posterior to the cerebral hemispheres shows, I 
believe, that the cerobeUmn was relativelj narrow and thrust downward in the way 
seen in Birds, Omithosanrs, and Dinosaurs. The length of the cerebral region is about 
15 millims , so that the head would be 5f times as long as the brain. Tlio cerebrum 
may occupy 11 to 12 millims. in length; its width is less evident, but appears to 
have been about 7 TwillimH . The hemisphei-es wei-e high, and flattened at tho sides, 
so that on the whole, in so far as the brain differed from that of an Omithosaurian, it 
appears to have approximated to that of a Dinosam-. There appears to be a snmll 
parietal foramen placed far back, and in advance of it there is a slight oblong infliitiou 
of the cast of the cerebral cavity. I describe in succession the median roof bones of 

the head. 

SitjprarOccij>ital.--The supra-occipital i-egion of the skull is imperfectly exposed, 
fliTinft only the portion is seen which lies above the occipital foramen. It looks 
obliquely upward and backward. It is defined anteriorly by the occipital crest. 
This crest is in two lateral portions, which meet inosially at about a right angle, and 
divei-ge outward and backward. The posterior surface of tho bone is divided into two 
shallow, lateral, concave areas by a slight sharji median iiicVmetl lidgo. 

27ie parietal "bones . — The parietal region is gi’eaily compressed from side to side in 
its part, so as to rise into a shoit sharx) parietal crest (now broken away), 

which made the sides of the bone concave from the occipital ci'cst foiwanl Tho 
length of thiH compressed area is only a few millims. On it tlio small oviito parietal 
foramen appears to be placed. In front the bone is lost, but I think the horizontally 
flattened state of the frontal bone anteriorly, and the comparatively flattened state 
of the m o uld of the cerebral hemiapheros, together with the thinness of the bones, 
justifies a belief that the parietal bones became flattened superiorly as they widened 
and extended forward, and that the parietal crest was moderately olovatod. Tliero 
were two parietal bones, and the median longitudinal suture between thorn is soon as 
on elevated line on the mould beneath, where the bones axe lost. Tlio trausvoii40 
suture between the parietal and frontal bones is at a distanoo of about 1 2 inlllims. in 
advance of the median angle of the occipital crest. This suture has a transvojwo saw- 
like edge, and admits the median extremity of the parietal bones to extend slightly 
forward between the hinder margin of the frontal hones. 

The frontal hones . — The frontal hones are double, being united by a median suture. 
They exhibit an oblong surface, which was flattened horizontally. Their anterior 
extremities extend forward between the nasal bones in a V-shape, while the lateral 
parts of this suture diverge forward and outward. Posteiiorly, tho outer comer of 
the bone on one side is notched out by what appears to be the tomjioral foss, and, 
although the temporal arcade is not preserved, it may have extended backward from 
the narrow post-frontal process external to the notch in the manner seen in Omitho- 
sauis, Dinosaurs, Nothosauis, or Anomodonts. The lateral borders of the frontal bones 
are concave, 15 millims. long, and are superior margins of the orbits. They ore slightly 
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raised and transversely roughened. The least tiansverse measurement across the 
frontal bones at the middle of the orbital concavity was 11 m illi ins. In the median 
line, behind the middle of the orbits, the frontal bones form a slight longitudinal 
median ridge, anterior to which a wide shallow median concavity extends forward, 
and is prolonged down the upper surface of the nasal bones. 

Prefrontal and lacho^jmal hones . — ^There appears to be a slight channel above the 
anterior border of the orbit, which is increased by a slight displacement of the 
prefrontal bone. This bone forms the anterior border of the orbit. It widens as it 
extends forward and downwaid from the middle of the orbital border in the fruntal 
bone to the dentigerous bone, which for the present may be premaxiUary or maxillary. 
This bone is 15 milliros. long by about a centim. wide where widest, in its lower third. 
It extends under the frontal hone above, and overlaps the dentigerous bone below. 
A suture divides it transversely, so the lachrymal bone is present as a separate 
ossification. In front of the lachrymal bone is a notch, which also indents the upper 
hinder part of the bone which cariies most of the teeth. This foramen is led up 
to by a longitudinal channel in the dentigerous bone. The nasal bones would have 
reached the supeiior border of this foramen. Hence it is evidently an ant-orbitcd 
vacuity, but whether it is comparable to the ant-orbital vacuity of Teleosaui’S, 
Dinosaurs, Omithosaurs, and Birds, or to the ant-orbital vacuity of Ichthyosaurs, 
which is similarly placed, and forms on each side of the head the anterior narine, 
depends upon the interpretation of the bones which form its anteilor borders. 

The nasal hones , — The nasal bones roof over the head in firout of the orbits, and 
are united by suture vdth the frontal bones behind. They ore imperfect anteriorly, 
but as preserved are 3 centims. long. They are united by a median straight 
longitudinal suture, and form a shallow longitudinal concavity extending forward on 
the snout. They have a transverse width of 12 or 13 miUims, posteriorly, and naiTOW 
anteriorly to a width of 4 or 5 mUlims. at the anterior fracture. liaterally, each bone 
makes an angular bond downward, so as to overlap and make a squamous union with 
the long dentigerous bone which runs jiavallel to it and forms the toothed margin of 
the jaw. 

The question whether that bone is premaxillaiy or maxillary may now be examined. 
If the converging boi'ders of the nasal bones were prolonged anteriorly, they would 
terminate one centim, in advance of the fracture, or half a centim. from the extremity 
of the jaw. Hence it is probable that if the nares weie terminal they were small, 
though not smaller than in some Lizards. The large nasal bones, however, are not 
LacertiHan, and find no parallel so dose as may be seen in Ichthyosaurus, And 
then the dentigerous hone would dosely resemble the premaxillary bone in those 
Ichthyosaurs in which the nasal bones extend to near the end of the snout. A 
corresponding elongation of both nasal and maxillary hones is seen in Crocodiles ; hut 
the anterior gi'oove, which in Proto)*os(iu}'U8 runs up to the ant-orbitol vacuity, is 
similar to that seen in Omithosaurs and Birds ; and this leads me to regard the ant- 

wpcooLxxxvn. — B, 2 o 
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orbital vacuity os probably nasal, and consequently the dentigerous bone as probably 
premajdllary, though the morphological data for the identification are confessedly 

lalender. 

The ^prermxillary 6o7><?s.— This bone resembles the same element in lohthjomurus 
in steadily augmenting in depth as it extends baokwai’d. Its upper hinder margin 
is notched out by the vacuity which I am disposed to regard tis nasal. The form 
of the bone is a long triangle with its narrow base towards the orbit. Its depth 
posteriorly, as exposed by the removal of the covering nasal bono, is about one oontim. 
Its length as preserved is between 3 and 5 centime. Thei'e is a longitudinal groove 
above the bases of the teeth, like that seen in Belodon, and which indents the 
Ichthyosaurian jaw pai’allol with the base of the dental groove. Tlie rough convex 
surfiice of bone between this groove and the alveolar border has been removed along 
its length, apparently to expose cavities like sockets which may have been for 
successional teeth, of which 18 are visible. Although these pits existed l)eucath the 
teeth which were in use, there is no evidence that those teeth wore in sockets. Ilie 
teeth were manifestly anchylosed to the jaw as in Lyhynuthodonts and some IjIskucIh. 
A horixonta] plate appears to liave divided tho baso of the tooth from the qwulralo 
cavity beneath. One tooth appears to be in one of theso sockets. Tho tooth wore 
closely set, but are nearly all wanting, and only indicated by tho infra-dental oavitios 
and by impressions of the crowns. There is no trace oi succossionol tooth in any 
other of these inlxa-dental spaces. They are uniform in si^e and de]»th, ajul in most 
cases, but not always, immediately beneath the crowns. Thoy aro not oircuinstaucod 
lilfA cavities for successional teeth so far as these are known, and aro appm^outly 
interior in position to the teeth on the alveolar margin. The crowns of the teeth 
appear to have been smooth, conical, pointed, with the base circular. One of tho 
longest, in front, measures 6 mdluns. from the point to its anchylosis with tho jaw, 
and about 7 rnUlims. to the bottom of the infra-dental cavity. 

The rruunUai'y hone . — The posterior part of tho dentigorous border may bo a 
separate hone, but if so the suture which defines the maxilhny bone is not clearly 
made out. It probably is in front of the last two infra-dental cavities, above a 
depression which indicates a squamous overlap upon the premaxillary bono. As it 
extends backward below the orbit, three or four slender pointed teeth are scon to 
extend from it, but more may be hidden in the matrix. The hone tomiiiuites 
backward in an oblique suture which is below the middle of the orliit, and therefore 
presumably indicates the jugal bone, which is impeifeotly exposed and apj)arently 
displaced downward. 

Above the maxillary region the cervical vertehrm lie over the orbit and the hock 
of the head. The videnoe which separated the vertebral column disengaged the 
lower jaw and separated its elements, and displaced the quadrate hone and Iwnos of 
the palate, which lie scattered between the head and the lower jaw, not entirely free 
from matrix. 
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The sclei^otic circle . — Below the orbit a structure exists which closely resembles the 
sclerotic armature of a Bird (Plate 15), which, when complete, may have approached a 
diameter of 2 centims. A circle of this size might have been contained in the orbit. 
It is inflated in the middle part, in the centre of which appears to be a smooth space of 
matrix ; externally its border is concave. It appears to be formed of radiating thin 
plates in close contact ; but the state of preservation does not admit of detailed 
description or absolute identification, for the mass may possiljly be dermal aimour. 

The hones of the palate , — The bones of the palate ai*e scattered. Their identifica- 
tion I'ests upon, first, the forms of the bones ; secondly, their consecutive positions ; 
and thirdly, the fact that the vomer, palatine, and pterygoid all carry minute teeth ; 
wlile there can be no suspicion that these elements belong to the lower jaw, since 
the lower jaw is preserved, 

Yomer . — Both vomerine bones are indicated, and both are partly imbedded in the 
matrix. They were very slender, 3 centims. long, and about 2 milhms. wide where 
widest proximally. They earned minute teeth, densely placed along the margin. 
The crowns are enamelled, enlarged and pointed, with lanceolate form. 

Palatine hone . — The palatine bone is a long triangle, notched out on the inner 
anterior margin for the reception of tlie vomer. The bone is 3 ‘2 centime, long, and 
8 millims. wide posteriorly, tapering away in front. The external border is straight. 
The postei'ior border is straight and truncated, but rounds into the inner side, which 
is depressed where it received the anterior limb of the pteiygoid. The surface of 
the bone is rather convex till it becomes olioanelled with the groove which leads 
forward to the notch for the vomer. The vomer probably extended along much of its 
inner margin (fig. 1, p. 19). Along the external margin of the palatine bone a row of 
teeth extended. They were rather larger than those on the vomer, though only one 
or two are preserved. 

The pterygoid hone . — ^The outline of the pterygoid bone is not easily traced. The 
bone is in accidental contact with the palatine bone, and probably in natural union 
with the quadrate hone. It is sponger than the palatine bone, abort and broad 
posteriorly, sending a long sbarp process forward which I regard as exte n ding interior 
to the palatine bone (fig. 1, p. 19). This process or bone is 1‘6 centim. long, 3 millims. 
wide at the base, and tapers to a point. It carries a few minute teeth, some of which 
appear to be barbed. The interpretation of the posterior pait of the bone is more 
difficult, because the hone originally extended in more than one plane ; and it is 
impossible to determine with certainty whether the expanded transversely oblong 
plate which is in contact with the quadrate bone is in natural union. I assume the 
connection to indicate the true relation of the bone. Then it follows that the oblong 
truncated expansion of the bone which is at present in contact with the palatine 
must be internal, and either have articulated with the basi-sphenoid, as in Lizards and 
Anomodonts, or else with the corresponding surface of the other pterygoid bone, as in 
Dinosaurs. Then there would be no lateral plate for the internal pterygoid musdo 
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such as is seen in Crocodiles and Lisards, but the great oblong plato which extends 
outward to the quadx-ate bone must have been attached along much of tlio leiigtli of 

that bone. 

The quadrate bone.— Posterior to the pterygoid hone is a much stronger bone, 
imperfect at both ends, which I regard as the quadrate bone. As prosorvod, it is 
1‘4 centim. long. It is somewhat compressed, consti’ictod in the middle, nu<l expands 
proximally to a width of,4 millims. It has an internal expansion which is not fully 
seen, which is ^dde, thin‘ and oblique, and appeai-s to bo the ptciygoid ])roceHH. The 
surfaces of the quadrate bone axe smooth, and concave in length in every diroctioii in 

which exposed. 

The lower jom, — ^The lower jaw has its constituent bones displncod. As pi’cscivcd, 
it is about 9 centime, long, and measures 8 '5 centims. fivun the articulation for Iho 
quadrate bone to the extremity of the dentaxy bone. Xliei*© is no iudictdion of a 
coronoid process. It is long and nanw, inci-easing a little in depth as it oxtonds 
backward, but becomes less deep again towaixls the postoinor articulation, Hjo out- 
line is straight along the dcutaiy bordei’, and slightly convex below. Both dentury 
hones axe present, and show that they had only a naiTOW union at iho oxlrrmity of 
the jaw, and wero not anohylosed together. The exti’ome length of the deutaiy bone 
was probably about 6-5 centims. The angular and suraugular wore both olongiito<l 
bones. The splenial bono appears to have lapped along the inner side of the jaw and 
extended forward to near the extremity of the dontary bone. The articular Ixino is 
lunate, 8 millims. long; not unlike this bone in the Ci’ooodile, will* a tmusvoi’so concave 
articulation. The bone, though now exposod, was probably imbedded. Pwouty-sovon 
teeth can be counted apparently anchylosed to the dentary houo, extoudiug along a 
border of more than 4 centims. Other teeth may have been present further back. 

Hyoid bones.— Between the articular end of the lower jaw and tho displaced 
quadrate and pterygoid hones are sleuder, delicate, straight, cylindrical bonos, very 
imperfectly displayed, which are jointed. Their slondemcss and position are snggosti vo 
of the hyoid elements. The length exposed is 2 '2 centims. The strucinro appaccnily 
consists of a rod measuring 1-8 centim, and two diort joints of about 2 millims. each. 
The terminal joint is conioaL 

The vertebi'al oolumn. — The vertebn© extend in a continuous emwo, with tho nook 
bent round so as almost to meet the sacrum ; beyond wbioh the tail extends, at first 
gently curved, and then almost straight. About 59 centims. of tho vortebral column 
are preserved, hut a portion of the tail, of unknown length, is lost. 

cervical vei'tehrcB . — cervical vertobrao are conspicuously olougatod (Plato 1 4, 
2-7). Six are preserved in connectcil sequence, Mooaurod round Uio curve, they 
have an aggregate length of 13 contims. Tho Atlas does not appear to bo prosorvod, 
or, if preserved, is broken, and the fragment out of position and imbedded in tnatiix. 
As the first of the series is the short Atlas, this animal appears to have had sevun 
cervical vertebrm. Being in olose union by means of the several articular processes, 
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the forms of the articular ends of the centrum are imperfectly seen, hut the condition 
displayed by the third vertebra of the series (Plate 14, 4) appears to show that the 
intercentiul articulation in that vertebra, at least, was opisthocoeloua 

The first vertebra, which is very imperfectly preserved, has the centrum 1‘9 c.m. 
long. The second is of the same length. The third vertebra is the longest, and 
measures 2*5 centims. The fourth is about a millim. shorter. The fifth measures 3 
centims.; and the sixth, which is badly preserved, is about 1*8 centim. long. 

In relative elongation as compared with dorsal vortebrse, these cervical vertebrae 
show a character which is most closely paralleled among Ornithosaurs, but is also met 
with in various existing Birds and !Mammals. Some Chelonians have the cervical 
vertebrffi of a similarly long form ; and in the fossil the zygapophyses have a develop- 
ment which is scarcely equalled among Chelonians. The strong, broad, elevated neural 
spine is distinctive. 

The external layer of bony tissue in these vertebrae appears to be as thin as in an 
Omithosaur, or a Dinosaur like CoAurus, as though the centrum were occupied by an 
air-cell. But, although there is a small foramen in the middle of the side, in a position 
which might coincide with the junction of the centrum and the neural arch, it is scarcely 
larger the ordinary nutritive foramen, common in such a position, and gives no 
indication of a pneumatic function. The forms of the articular surfaces make the 
inferences probable that the neck was carried or capable of being carried in a vertical 
position, as in the Galapagos Tortoises. Only the aide of the veitebree is exposed. 

In the third vertebra (Plate 14, 4) the centrum is marked with three narrow, sharp, 
sub-parallel ridges which extend in curves between the anterior and posterior articu- 
lations ; they are but little elevated, and give a channelled aspect to the side of the 
centrum. The anterior articular ball of the centrum appears to be well ossified ; it is 
about 6 TnilliTriH. deep, and hangs obliquely forward. There is a less obliquity in the 
posterior cup, which is somewhat deeper, and is defined by a sharp margin. The neural 
arch extends along the centrum. The anterior and posterior borders of the neurapo- 
physial lamina which mai-gins the intervertebral neural foramina are concave from 
above downward, convex from within outward. The antero-posteiior distance between 
them is 2 centims, and the arch, as usual, ascends from the centrum close to its 
anterior end, just over the anterior articulation. From the upper side of the neural 
canal the prezygapophysis extends forward and upward. It is 8 miUims. long and 
2 wide, and its upper surface is 1 centim. above the base of the centrum. 

Immediately behind it is a strong ridge or slight transverse process which connects 
wirh the posterior zygapophysial process. Its transverse extension outward is broken 
away. The extreme measurement between the extremities of the zygapophyses is 
S'l centims. The neural spine is sub-quadrate, compressed from side to side, rising 
about 9 millinia- above the interzygapophysial ridge. The upper border ^a truncate, 
slightly rounded from the post-zygapophysis b^nd, as it extends forw^ard and upward. 
The front border of the neural spine leans a little forward. In the fourth vertebra the 
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neural spine has its anterior border more vertical, but in both the jwflterior border^ is 
inclined obliquely backward, so that the spine becomes less high towai-ds its postenov 


Slender cervical ribs are attached to the anterior extoomities of the sides of the 
centrum. The ribs oi-e straight, slender, pointed behind, are as long as the verbobrso 
to which they run parallel, and have thickened heads for atiaohmont. ^ 

Near these cervical ribs are several slender, long, tendeuous ossilicatioiis, such as 
are often met with in the veitobral column in Birds and Mammals, and are common 

in the caudal region of the Beviiis&£u.*b Dinosaui's. 

Dw'ssd There appear to have been sixteen doi-sul voitobifo in the 

19 oentims. between the neck and sacrurn. None of these vertebim arc so pre- 
served as to be worth description. They give httle information about tho centrum, 
but show that the neural spines were 9 millims. high in tho antei’ior vertobnn, vci tical, 
6 millims. wide, with the anterior and posterior mai’gins punillol, and tho truncated 
superior outline convex. The ribs appear to have hoen attacliod to shoit traiisvoiHo 
processes or tubercles given off from the neural avdi. Tho coutrums appear to bo 
bi-conoave or flattened at tho ends. 


The ribs are strong, curved, and comprossotl from front to back, 

Scuyniin. — The sacrum appears to have included two vertcbrni. Tlioy arc short, 
and had well-developed transverse processes, 12 millims. long, whicli oxiMindod 
externally. But the bones are too badly preserved to domoustnitc any other point of 
sti’ucture. 

Cauded veniehTCB. — Twenty-three caudal vertebim aro preserved. Itach centrum 
is 1 Aflnt.im long. Tho body of the centrum is compressod from side to side, and 
rounded on the base. At about the level of the neuro-central suture transverse 
processes are developed in the earlier part of the series. Then tho ueuitd aroh risos, 
and develops short zygapophyses on the level of the summit of the neural cimal, and 
forms a short platform from which the high vertical neural spine rises. Tlio inoasuro- 
ment fnim the base of the centnim to the neural platform in tho ourlior oamlal 
VOTtebrm is 1 centim. ; and the height of the neural spiuo above the pbitform is 1 '2 
centim. The caudal vertebne after the first two have long spathulate chovrou bones, 
which are directed obliquely backward. They are at first very long, and then become 
gradually shorter. With their development the neui’ol spine becomes constricted at its 
base and wider at the summit, so that it gradually assumes a wedge-liko form. At 
about the l^th caudal vertebra, U or 12 oentims. behind tho sacrum, tho siunmit ot 
the neural arch is notched. The spine after tliis oontinuos to dccrouso in height 0 £ 
the notoh increases in depth, until after about six vertebra) tho uourul spiuo is com- 
pletely divided into anterior and posterior parts, which have tho spiuos obliquely 
directed backward and forward, with an increasing interval between them. As they 
are followed backward, the vertebme diminish in all dimensions except length. And 
the nenral spine decreases in height, while the transverse process, which at first is 
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strongly marked, soon sinks into insignidoance, and appears to be lost before the 
neural spine becomes divided. 

The hind Umh . — ^There is no bone of the pelvis preserved. 

The femur and bones of leg lie in natural position, with the head of the femur 
towards a transverse process of a saoral vertebra. That process (Plate 14, set), as in 
other animals, is wedge-shaped, 11 millims. in transverse extension, and*9 millims. in 
antero-posterior extension on its external limit, as preserved.- But it is imperfect, and 
may have been wider, and may not have been so much constricted where it joined the 
centrum as the present state of the fossil would indicate. These processes indicate a 
strong pelvis. Little of the strong straight femur now remains except the crashed 
impression of its outline, in which sop)e fragments of bone still adhere (Plate *14, y). 
The length of the impression is 7*1 centims. The proximal articular surface does not 
appear to have been in quite the same plane as the distal surface. The proximal end 
is 1*6 centim. wide, with the head convex and directed laterally, but with a broad 
process or trochanter 6 millims. wide, which extends a few millims. proxipially beyond 
the external border of the articular surface. If this fragment of bone is correctly 
interpreted, the articulation presents a condition which is only paralleled among Birds, 
Omithosaurs, and Dinosaurs, though the proximal trochanter is less developed in 
Dinosaurs tlian in this fossU. The sides of the hone approximate so that the transverse 
measurement in the middle of the shaft is 8 millims., which width is preserved without 
appreciable diminution to the distal end of the straight shaft. The distal articulation 
is rounded from above downward, and slightly thickened on the posterior condylar 
aspect, as in a Lkard, Biid, or Ornithosaur. The bone was hollow, with a very large 
cylindrical cavity in the shaft, quite as much developed as in Wealden Omithosaurs 
and many Birds, and with the bony tissue quite as dense, though Lizards paake an 
approximation in both respects. 

The tibia and fibula are imperfect distally, and only 4*7 centims. of the bones are 
preserved (Plate 14, t, fi). "What remains of the bony tissue shows that the bone 
was thin in the middle of the shaft, with a lai'ge medullary cavity. The proximal end 
of the tibia is truncated, with rounded margins. Its transverse width is ftUy 
11 mdUms., while the transverse measurement in the middle of the shaft is only 
about 3 millims - TJiis proximal expansion is partly due to a general Bird-like or 
Dinosaurian massiveness of the proximal end of the bone, and partly to the develop- 
ment of a not inconsiderable cnemial crest, which speedily subsides distally, but forpis 
a ledge against which the fibula rests. The proximal end of the bone is more solid 
than in ft*»-iating lizards. Where fractured, the bone is enlarging distally. The fibula 
is a more slender bone, with a slight sigmoid curve, nearly uniform in width, being 
8 millims. wide in the prn^dmal half, and a little narrower distolly. 

foQi, the region between the cervical and dorsal vertebrm remains of 

an extremity of a limb are displayed. A paetapodiol bone is 2*1 ceptims. long; 
extremities of other bones of a like character are exposed. Extending beyond them 
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are lie impretsions of four digits, which successively augment in length. They show 
the increasing number of bones, indicated by the formula 2.3.4.5. All the articular 
surfeoes of the phalanges axe perfectly ossified, and they are 6hai)od iis in Dinosaurs, 
but an approach to this perfect ossification is seen in the Honiccosaura and other 
fossils. The terminal phalanges of the digits are in the form of claws, curved and 
pointed, and^compressed from side to side. 

Armature of the shin.— In the region of the eaidy dorsal voitebnn n fragment 
is exposed of a very thin plate of bone which was at least 3 centims. long. It is 
made up of a number of minute oblong bones, each 1 millim. wide, suturally uultod 
together into a shield across which a slight longitudinal keel runs. This plate 1 regal'd 
as a piece of dermal armour. (Plate 15, fig. H.) 


pabt ni. 

Compcirisoti between the in tlie RoyoA Colieye of ^uryeoHs Museum uud ollui 
Sj)eGinicn8 referred to Pi’oiorosaurus Spenori hy von Musyeu. 

Before an attempt is made to explain the struoturo of this typo of unitnal, it is 
necessary, on account of its imperfect preservation, to discuss its relations with the 
specimens figured by von Mbybe. That gi’eat auaiomist was disposed to v<‘g{U‘d tlie 
difierences between the fossils as due to age and resultant dillcrencos in ossifi- 
cation, though he did not decide absolutely on the specific identity of tlio whole 
of the materials. Unless the specimens could be brought togothor, it would bo 
tiiffimdt, to determine their relations so as to assign its systematic jilace to each, for 
the a.T>ima.lH have so much in common, and the differences lietwoon. them are not at 
first ohvions. Nevertheless, if the method of comparison is applied, I bcliovo the 
result will show that von Mbybu’s species is really a family including several species, 
and more than one genus. 

The available data for comparison in the tyjie specimen ai’o romavkably scanty. It 
has been shown that the femur is 7*1 centims. long, and that it is seven times as long 
as the caudal vertebras, which are almost uniformly 1 oeutim. long. The cervical 
vertebras also yield some characters in the form of the neural arch and the vidgea on 
the centrum. 

There is no other specimen with the femur so short, but the differences in the longUi 
of the bone are so slight that they 33iight at first pass for gnidationH of growth, their 
lengths in owitims. being 7'1, 8’3, 8*8, 9*7, 10, All the bones, howovoj’, do tiot vary 
in the same ratio. 

I will first contrast the type with the specimen closoribod by Link, known as the 
Waldenburg specimen. In that specimen (von Mbybe, l.c., T. 9) the caudal vertebra) 
augment in length from 1*8 centim. in the early caudal to 1*8 centim. at tlie twenty- 
fourth caudal, where the specimen is fractured. The femur is 10 centims. long, hut it 



AITD CLASSIFICATION OF THE FOSSIL EEPTILIA. 


201 


differs from the type in being as long as five-and-a-half of the middle caudal vertebras, 
aud as long as six-and-a-half of the early caudaJs. Moreover, the two femora are of 
different type ; that in T. 9 being more expanded transversely at both the proximal 
and distal ends. The 23 caudnl vertebr® of the type specimen measure as many 
eentims. ; the first 23 vertebras in the tail in Link’s fossil measui-e 38 centims. Ifj 
on the evidence of the femur, the proportions of size between, these animals may be 
taken as 7 to 10, then the 23 caudal vertebrae of the type would have measured 
26 ‘6 centime., or almost a sixth longer than is the case. 

In the type I recognise two sacral vertebrae ; in Link’b fossil there are three, 
according to voN Mbykr. In the type I can only count sixteen vertebrae between 
the neck and the sacrum, where they measure 19 centims. In Link’s fossil there are 
not fewer than eighteen vertebrie in this region, measuring SO centims. Seven-tenths 
of 30 being 21, it follows that the dorsal vertebrae in tlie type, besides being fewer, are 
relatively rather longer. The neural spines in the type are 6 mi llims . wide ; here the 
width is double. The neural spines of the dorsal vertebrae in the type are 9 millims. 
high ; here the height is about 2-2 centima This is such a difference as might be 
attributed to age, but the aggregate of the other chainotere seems to me of specific value. 
I accordingly sepamte Link’s fossil ns a distinct species, which may be termed 
Pivtot’osuunis Linhii; until the discovery of better materials shall determine whether 
it can remain in the same genus. 

Among other characters seen in Link’s specimen are all the details of the fore 
and hind limbs, showing the humerus to be 7 ’4 centims. long ; the uhia 6‘1 centims. 
long ; the longest metacaipal about 1’9 centim. long, and the longest metatarsal 
4'3 nAnt.imH The oervicol vertebrae are relatively massive, 27 centims. long, and have 
the upper bordei* of the neural arch nearly horizontal, without any trace of the 
posterior attenuation seen in the type of Protorosaums ^peiieri. The caudal vertebin? 
show no transverse processes. 

I would no.xt oompoi’e SwKUENBona’s specimen, figured by voN Mbver l.c. in T. 8, 
This is u smaller animal than Link’s, of loss robust type. The cervical vei'tebrm 
resemble those of Link’s fossil in the contour of the noui’al arch, which is quite distinct 
from the College of Surgeons specbnen, tkough there is more I’esemblanoe to the latter 
in the ridges on the centrum. Von Mbyee’s drawing, however, gives no indication of 
the possibly opisthoccelous articulation which appears to be indicated in the drawing 
of Link’s fossil The sliape of the femur is altogether Dinosauiian, and quite distinct 
from that in Link’s specimen, where it has a Crocodilian or Chelonian curvature. It 
IS more ^•^bn.n an eighth shorter than in Link’s type. The tibia is a sixth shorter. 
The metatoa-sus is a fourth shorter. The ulna is a fifth shorter. The cervical 
vertebra aa*e of the same length ; the dorsal veatebrm one-eighth shorter ; while the 
caudal vei-tebra, which have transverse processes, have a uniform length of I’l 
centim., and are therefore relatively very short. The pelvic bones are badly preserved 
in SwBDJENBORa’s fossU ; but if the large expanded bones which lie in the sacral 
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region of Link’s fossil, beneath the humerus, are, as I believe from evidence iii the 
British Museum, to be accounted pelvic, then the distinction between the types is 
very marked, and with the other characters would indicate a difference from Links 
specimen of more than specific value. Swedenborg’s type is manifestly more neaily 
related to Spenbr’s type. If, as before, the comparison is based on tho femm, 
Swedenborg’s animal is larger than Spbner’s in the proportion of 88 to 7 1. If, thou, 
the dimensions in the latter ore augmented by one-fourth, it should give approximately 
the size of the former. Four caudal vertebroe should measure about five centims.; 
they actually measure 5-5 centime. The correspondence is equally close in the 
proportions of the dorsal vertebra. The chief diflerences in the cervical vorbcbiio arc 
in form of the neural arches; but in length of centrum the corrospoudence, bone for 
bone, is exceedingly close between the theoretical measurements and the actual 
measurements. Tlese resemblances seem to me to warrant the identification of tho 
Vienna specimen with Protoromurm Speneri. Tina determination makes known the 
hinder extremity of that species, the distal end of the humerus, tho ulna and vadins, 
the carpus, nr>d some portion of the metacarpus. And it shows tho complelo sories 
of doi-sal ribs, to the distal ends of which slender sternal or abdominal ribs are 
articulated, two or three in number being placed side by sido in connection with ojioh 
dorsdl rib. As the remains lie, they give a depth of body in this specimen of about 
10 ceniims. 

The spemmens figured by von Meter l.c. on T. 6, with the exception of bis co])y 
from Spbneh’s figure, all belong to the same genus as Protoi'osmiriis Linkii ; but 
whether the species is identical, as would seem probable, I have not inatle tlio 
necessary calculations to determine. The Munich specimen, figured by VON Meyer 
Z.c. in T. 1, fig. 1, though very fragmentary, is suAB-oiently different in some of its 
proportions to be worth comparison. The cervical vertebris are preserved in sequence. 
They are of the same character as in pTOtorosoAi/rus Sp&n&ri, Their lengths are given 
in the following Table, for comparison, in centims. : — 




m 


4 tli . 

etb. 

eih. 

nil. 

College of Surgeons ...» 


1-9 

1-9 

2-6 

2 A 

2- 

1*8 

Yienna . 


28 

2-8 

2-8 

29 

2*6 

2-3 

Hunich 

■6 

2*0 

2-6 

8*1 

28 

2-8 

2-3 

Preibei^g 

• 

• 

• 

2-6 

2-5 

2-3 

2-2 


From this it is evidwit that the vertehrse in the Munich fossil do not preserve a 
relation of proportionate length witii those of Protorosmrus Speneri Four dorsal 
vertebrae measure 5 ’9 centims., which is nearly the calculated length. The femur is 
9*7 centims. long, has a rounded proximal end, and a slight sigmoid flexure, but is less 
massive at the ends and more slender than in P. Linidi, and not so straight or so 
wide at the proximal end as in P, Speneri The humerus is imperfect, but the ulna 
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and radius are preserved. The width of the humerus corresponds very well witH the 
SwBDBNBOBU specimeo ; but the ulna in the Munich specimen is 4 '8 centims. long, 
while in the Vienna specimen it is 5 centims., so that the bone should have measured 
in this fossil about 5’5 centims. if the specimen had belonged to Pi'otorosaurus Spen&ri. 
Hence this aTiii-nal appears to differ from that species in being longer in the hind-legs 
and shorter in the fore-legs. But I do not venture to suggest for it a distinct name. 

It is interesting, as showing the coracoid and scapula. 

Another specimen, preserved at Freiberg, is figured by voN Metkb 2.c. in T. 2. It 
is of about the same size as the Spbnbb fossil, but only shows cervical and dorsal 
vertebrae, pelvis, scapular arch, and fore- limb. The cervical veitebrae are contrasted in 
measurement with the College of Surgeons specimen in the foregoing Table, from 
which it appears that the last two cervicals are relatively longer. Four dorsal 
centrums measure 4-5 centims., which would correspond with the length in Speneb’s 
fossiL The bones of the fore-limb are slender and graceful in outline ; and both 
ulna and radius are remarkable for a slight sigmoid flexure and constriction of the 
middle of the shaft. The humerus is 5‘5 centims. long; the ulna and radius measui'e 
4*6 centims., and the foot beyond the carpus about 5 centims. In the Vienna 
specimen the ulna and radius measure about 5 centime., and in the Munich specimen 
about 4*8 centims. ; and in both are strong massive bones with sub-parallel sided and 
different contours. This character is suggestive of a specific difference ; but, as the 
contours of the humerus are similar, and there is no fundamental difference in the 
form of the coracoid or of the pelvic bones, it seems to me more convenient to group 
the Freiberg fossil with Protoi'osaurus Speneri till it has been re-examined. It makes 
known the structure of a remarkable type of scapular arch, and gives some valuable 
details of pelvic structure. 

The Berlin specimen, figured by voN Meyer Z.c. in T. 4, has the femur 8*5 centime, 
long, while the tibia measures 9 centinis. This reverses the usual relations of length 
between the leg and the fore-leg, and is probably a good specific character. The 
pelvic bones resemble those in the Swedenborg fossil, but differ in form. The femur is 
as long as six of the early caudal vertebrae. Further evidence is required to determine 
the systematic place of these remains. All the specimens hitherto compared are exposed 
in side view ; but there are two other fossils figured by von Meyer. One, preserved 
at Hanover, shows the dorsal aspect of the dorsal and sacral vertebrae, pelvis, &a; 
the other exhibits the ventral aspect of the sacrum of a large animal preserved at 
Dresden. The Jugler fossil at Hanover has a femur of a massive oblong form, not 
nnliTrfl thqt jn the Vienna fossil, but relatively much shorter and wider. It is about 
5*8 centims. long and 2*2 centims. wide proximally, and is equal to the length of 
four dorsal vertebrae. In the Munich fossil the femur is equal to seven dorsal vertebrae, 
and the proportion is nearly the same in the Vienna specimen and in the C(»llege 
of Surgeons typa In the Waldenburg specimen, P. Linhii, the femui* is as long as 
six dorsal vertebrae. But, although the relative shortness of the femur thus separates 
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the Jugler fossil from the others, the form of the femur is no less distinctive in its 
prop-like character and massive width. In Protwosaimis Speneri the hone is between 
four and five times as long as wide ; here it is between two and three times ns long as 
wide. The dorsal ribs shorten towards the snoimm in a way of which the Yienna 
fossil gives no indication, and which is not pai-alleled in any of the specimons refeired 
to Frotorosavrm Speneri or P. LinTdi, since the last rib hardly exceeds the length of 
a dorsal vertebra. The Uium is in tho form of an arch, the oxtromitios of which rest 
against the bodies of the vertebim, and to the middle of the outer curvo of tho arch 
the femur articulates. If all the veitebim between the extremities of tlio arch ai-o 
regarded as sacral, the saoinim includes five or six vertehim at fewest. Those 
characters are very scanty evidence of the animal, but they indicate in my judgment 
that the Jugler fossil belongs to a new genus and species. Till the genus is named 
the f ossil may he refen-ed to as Protorosavinis Meyeri. There can lie no doubt that 
the Dresden fossil belongs to the same genus as the Juglei- example, but I cannot 
at present determine whether it is specifically distinct. 

Prom this discussion it appears that Protorosmvus Sppwri as defined by VON MrveH 
included two or three genera and several specios; and that the miiierials uvailablo 
for the eluoidation of the type of the genus make known, more or less iiertecLly, 
the parts of the skeleton which are missing from the College of Surgeons spociinon. 
The Jugler and Dresden specimens make known a Ibim of jiolvis as strong ns 
anything met with among Omithosaurs and fossil Beptiles, and show that tho sttt'ngLli 
of the hones in the sacral region is associated with shoiiness and strength of the femur, 
I now propose to use this evidence, brought together by von Mbybb in tho 
of the affinities and structure of the type of Protoromnrufi. 

Part IV. 

Companson of Protorosaurus with other Types of Aninvds. 

The shull . — ^Imperfect as is the praservation of the skull, it can be almost ooiiijletely 
restored. The pterygoid bones, being still connected with the quadrate bones, funiish 
approximately the width of the palate in the transverse line of the quadiute 
articulation as not less than 4'5 oentiins., nor more than 6 centixns. Tills is more than 
the width of the superior aspect of the back part of the skull as preserved, which 
would not have exceeded 2*5 oentims., and if to this the width of the lost post-fi’outal 
and squamosal hones is added the width of the back of the skull presumably would 
stiH be less than the measurement ‘over the condyles of the quadrate bonos. Tiie 
quadrate bones may have been inclined so as to converge upward, and thus have 
given an obliquely inclined aspect to the sides of the head, making its transverse 
section trapezoidal If an attempt is made to reconstruct the palate (fig. 1), it is 
manifest that if the narrow internal fecets of the pterygoid bones met each otlier 
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tlae bones diverged posteriorly. Hence I conclude tbat the sphenoid came between 
them after the type of Ichthyosaurus, and Lizards and Birds. The palatine hone 
shows some indication of having been slightly overlapped posteriorly as well as 
along one side of the anterior margin. The former character I taJte to indicate 
connection with the pterygoid bone, the latter with the vomer. "We are entitled 
to jofor on general analogy that the vomerine bones converged anteriorly. On 
this basis I reconstruct the palate with a slight median vacuity, less open than that 
of Joh^iyosaurus ; but there is no evidence whether there was a similar pre- 
sphenoid rostrum. There was a pair of lateral vacuities external to the pterygoid 
bones. The premaxillary bones and maxillary bones are necessarily external to the 
vomera and palatines, but their transverse width depends to some extent upon the 


Fig 1. 


Fig. 2. 



Partial Biostoration of tlie Palate of 
ProtoTosauTUs flfpwCTi. Of tlie natmul sdase. 


Restoration of tLe Upper Snrface of 
the Skull of Prohioaaurus Sjpeneri. 



degree to which the vomer laps along the palatine. In the restomtion this parallelism 
of the two is represented, so as to carry the vomer far back j its position may have ^ 
been more forward, and then the palatal plate of the premaxillary would have been 
narrower. The distance from the condyle of the quadrate bone to the extremity of 
the snout is 8*6 oentims., that being the length &om the ai-tioulation in the articular 
bone to the anterior extremity of the lower jaw, which is inferred to have extended aa 
far forward as the snout. As the bones of the side of the jaw give no evidence of lateral 
constriction, the outline of the skull was an isosceles triangle or sugar-loaf contour. 

The restoration of the upper surface of the skuU is constructed on the basis of the 
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oontour of the palate, upon which the measurements of the bones already doscn^d 
are drawn (fig. 2). The orbits of the eyes were possibly larger than here shown, while 
the posterior border to the orbit is given on the hypothesis that post-frontal und malar 
bones were present, and that the malar united with the maxilkry in the usual way. 
There is no evidence whether the malar arch connected with the quatlrate bone. 
The characters shown by tbe skull are not to be found in one older of animals. ^ In 
the first case I will assume that the position of the nares is in tlie small ant-orbilal 
vacuity, that they were not terminal as in the South African Theriodonts described 
by Sir HTfruAurt Owen, and in Chelonians, or subterminal as in existing Crooodilia and 
Ophidia. '^There are several fossil types in which the external nares are ipiite as small 
and have as backward a position. In Fistosaarus from the Muschelkalk both ih^e 
conditions are seen, and in many species of Flesiosatmts the nares, and other vnenitioH 
of the supe!rior«surface of the skull, are similarly placed. In true Plesiosauriaus there 
is not the posterior constriction of the cerebral region, lor the bruin case is always 
widest in its hinder part. And Plesiosaura have not the same hrootl flat iiitoisjiaco 
between the orbits formed by the frontal bones. But in iWifAawwrws from the 
Muschelkalk thei*e is the same posterior divergence of tbe occipital orost, a Himilavly 
inclined supra-occipital region, a coixespondiiig posterior attenuation of tho brain ouso, 
which, like the temporal vacuities, is more elongated ; and thoi-e is a brotul, flatit'iiod, 
inter-orbital area in Nathosauriis, though it is relatively smaller than in Froforomuinm, 
while the orbits are small, the nares i-elatiyely large, the snout not pointed, luid thoro 
is a large parietal foramen. Altogether the resemblances arc remarkable. fho 
resemblances of the palate are less obvious, for no Plesiosaur or Nothosaur at present 
known has a palate which is open in the median lino ; though, so far as fonn is 
concerned, the pterygoid bones show some resemblance, and are noticeable for the 
width of the plate which laps along the quadrate bone in PUsioitav/nts, though it is 
narrower than in Protoroaawrus in proportion as the PlesiosauriaD skull is more 
depressed. 

The resemblance to the skull of Ichthyosaimts, in form, is veiy close. The orbits 
are behind the middle of the length of the head, and the temporal vacuities and 
nares are similarly situate'; but there is a fundamental difference in the minute size 
of the true frontal hones in Ichthyosaurus, in which genus they are excluded from tho 
orbital margin by the intervening nasal, post-frontal, and pre-frontal bones ; moreover, 
the nasal hones do not usually extend in Ichthyosaurus nearly to the extremity of the 
snout. If, however, the Ichthyosaurian nasals had extended no further backward than 
in Protorosaurus, they would have come as frtr forward anteriorly, and if the frontal 
hones had grown to flU the space thus left vacant the post-frontal hones would have been 
puiflued outward and backward ; though there can be little probability that the post- 
orbital port of the Protorosaurian skull could have been Ichthyosaurian. On the 
palate the resemblance is greater than among Plesiosaurs, because the palate is open 
in the middle line in Ichthyoaawnis and Hxe bones are elongated and taper to their 



AND CLASSIFIOATION OF THE FOSSIL EEPTILIA 


207 


extremitieB. The form of the pterygoid bone is quite as much like Ichthyosaurus 
as Plesiosaurus. But, tiiough the superficial resemblance is more obvious with 
Ichthyosaurus, I believe the resemblances with Plesiosaurus are the more impo3^tant. 

A certain resemblance may be considered to be shown by the Triaasic Crocodile 
Belodon ; but that type, which has the orbits placed far back, has large ant-orbital 
vacuities, above which the external nares are situate ; the nasal bones are exceedingly 
amnll and short; and the pterygoid bones which meet in the median line do not 
extend so far back as in Protorosaurus. 

In none of the types with which comparison has been made are teeth ever present 
on the bones of the palate. The existing groups of Beptiles in which this character 
is seen are Ophidia, Lacertilia, and Bhynchocephalia, in all of which orders the 
external nares are terminal or sub-terminal. The same relation characterises the extinct 
Beptiles which have teeth on the bones of the palate, such as Eyperodapedon and 
Phynchosawrus ; and therefore, if as close a general resemblance should exist between 
such types and Protorosaurus, as the Nothosaurs have shown, the probabilities will 
incline to the anterior nares having been terminal, Shynchosaurus apparently has 
teeth on both the palatine and pterygoid bones ; the pterygoid is firmly united to the 
quadrate, the palate is open in the median line, but there is seemingly no very dose 
resemblance to Protorosaurus in the forms of the bones. The upper surface of the 
skull is feirly comparable in contour, in the relative positions of the vacuities, in the 
broad, flat, frontal region, and in the existence of a parieto-frontol crest formed by the 
temporal musdes. The brain-case, however, in Rhynchosaurus appears to be distinct 
firom the roof bones of the head, as in Pi'ooolophon and some Lizards ; and this condition 
has no parallel in Protorosaurus. No existing Reptile, so fer as I am aware, has teeth 
on the vomer ; and this toothed condition of all the bones of the palate prevents detailed 
comparison being made with Lizards or Rhynchocepbalia. The character, so common 
among Fishes and extinct Amphibia, is the more remarkable as a comparativdy 
isolated resemblance to lower types. Besides its terminal pair of tusk-like rndsors, 
Phynchosaurus has apparently two poxalld rows of teeth upon the palatal plate of 
the maxillary, and two short parallel longitudinal rows in the hinder part of the 
palate, which appear to be upon the pterygoid, or pterygoid and vomerine bones, for 
no separation can be made out with certainty between thp bones of the palate. In 
KhyndiosauTUS the malar bones are produced downward and backward so as partly to 
overlap the lower jaw, as in Pa/rieasau7^, a character of which Protorosaurus gives no 
indication. Phynchosaurus has the post-fironto-squamosal arch strongly developed, of 
which no trace is preserved in the Protorosaurus. 

The condition of the teeth, anchylosed to the palate, with corresponding cavities in 
the positions where fangs would usually be, is a r em a r kable peculiarity, which needs 
further elucidation. The teeth are anchylosed to the jaw in Labyrinthodonts ; but 
I know of uo such union or such sub-dental loculi among Reptiles as are here seen. 
The cavities may have remained after the teeth emerged firom them by absorption of 
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the base of ‘the fang when the tooth became anchylosed. I am inclined to regard the 
attachment of the teeth as having more in common with Serpents and certain Lizards 
than any other group of existing animals ; but the resemblance cannot be accormtod 
one of aflinity. And the question arises whether the sub-deutal cavities ai'e not to 
be interpreted as a stage in the history of the formation of tho socket for alveolar 
teeth, which became developed in a later period of time. It there had been Huffi.cient 
evidence to establish this interpretation, it would have tended to nitvko l^wtovomutniH 
comparable with some Omithosaurs frona Solenhofon, to which resoinblancos may be 
seen in the general structure of the skull and conformation of the palatal bones, 
though no Omithosaur has teeth on the bones of the palate. 

Tlie vertebral column.— The atlas is very short and not anchylosed to tho axis. 
There are about / cervical vertebrm : 16 dorsal ; two or three sacral ; and an tmknown, 
but large, number in the tail. These numbers throw no light on tho alfinities of tho 
f(5SsiL The elongation of the cervical vertebroe, os von M.ByiiH pointed out, is hotter 
paralleled among Omithosaurs than any other group. The strongly dovolopod iioural 
spine is not found in all members of this group, but is sullicioiitly cliaractoriHtio. 
Von Meyer’s figures appear to show that the vertebnn have the articular tnuls of tho 
ceutrum slightly concave ; and therefore it is probable that if tho opisthotKolous 
condition which the type appears to show is not delusive tho form of tho urtioiilatiou 
is not constant. I do not know of any Onnthosaur which luis a like antoro-postorior 
elongation of the neural spine. The cervical riba are OmithoHauriiin. Tlxo domd 
vertebres are remarkable for the rounded base and depth of tho centrum, wUidi 
supports a large neural arch with vertical truncated neural spine, 'lliis form of 
vertebra approximates rather to the Crocodilian than tho Laccitiliau typo, but is 


Fig, 3. 



Fourth cerTioal vertebra of Protorosattrus t^eneri. 

better matched among existing Birds with amphicoelous vertebrae, Pterodaotyles, 
Dinosaurs, and Nothosaurs, though it never has anything like a neural platform ; and 
there is no oertam evidence of any ribs having more than one articular hotul, though 
the articulatioa of the rib was quite as high in lateral position as among Crocodiles. 
On. the whole, the Ornithosaur comes dosest, though Shyiushosaiirus, in tho form of 
the oentram, is not dissimilar. There is no approximation to the massive neural arch 
of Nothoscvimu, and. the centrum is more elongated than in that genus. 

The sacrum presents no peculiarities ; and, although only two pairs of strong sacral 
ribs were developed to support the ilium, that hone appears to have been sufficdeutly 
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extended to have articulated with more. The tail is eq^ually devoid of characters which 
suggest affinities. In depth the centrum has more in common with the Grocodihan 
and Dinosaurian types than with Nothosaurs, which have the centrum shorter, or with 
Lacertilions or Omithosaurs, which have it more depressed. The divided condition 
seen in the neural spine of the later caudal vertebrae probably indicates a complete 
development of the neural arch upon each of the protovertebral elements which go 
to make up the centrum ; though the vertebra must still be regarded as highly 
differentiate since the caudal ribs are given off from its anterior moiety as processes 
directed transversely, while the chevron bones, which represent them on the posterior 
moiety, have already descended to the inferior visceral margin. The theory of the 
double-headed articulation of dorsal and cervical ribs is not imconnected in some 
with the hypothesis that the transverse process and chevron bone blend in 
the anterior part of the body to form one rib with two articulations, and sometime 
with a pair of sternal ribs to each distal extremity. The attachment of the ribs being 
high up, as well as the length of the ribs, would indicate that the respiratory and vital 
organs in Protiy>'os(Xurus were well developed ; and the mode of attachment of the ribs 
in most EeptQes and higher Y^ertebrates appears to depend partly on the way in which 
they are elevated by the lungs, and partly on the muscles which come into play in 
connecting the ribs with the vertebrae. So that the double-headed attachment of the 
dorsal ribs in modem Crocodiles is fundamentally different from the attachment in Eirds, 
only because the transverse processes have become so much elongated as to remove the 
rib from the side of the centrum. But the Mammalian and Avian ribs are typically 
single-headed, and the second head or tubercle is obviously only a consequence of the 
rib being brought into contact with the neural arch ; so that, if no transverse platform 
is developed, the rib cannot have a second articulation. And it is on this condition 
that I account for the single-headed ribs of Protorosaurus, since nothing is needed to 
make the rib double-headed but a transverse development of the neural arch, such as 
I shall subsequently describe as partially developed in the genus JMcsosawf us. 

The sternal ribs are imperfectly known. Von Mbo® represents them as rods, of 
which two, or possibly three in some oases, are attached to the enlarged sternal end 
of each costal lib. The sternal ribs, however, were probably composite ; and I am 
disposed to believe that each consisted of two lateral pieces on each side, united by 
squamous overlap with a median piece in the middle line of the abdomen. Sternal 
libs are seen in Lanosaurus, in Mmsaunis, in Stermtemum, in lUiyncUsaurus, 
other Triassio and Permian types, as well as in Plesiosaurus. Their structure is in 
every case substantially the same when it can he observed ; though the number of 
sternal ribs to each costal rib varies. The nearest approximation to this condition 
PTnn-ng a-gip tin g Beptiles is Seen in Hatteria. I have no doubt Rhynchosaurus is a 
Ehynchocephalian ; but Ijmosawrus, Meaoaauiys, &o., are Nothosaurians. 

The pelvis and hindrlimh.— The pelvis is not complete in any specimen. But the 
appears from the sum of the evidence to have an antero-posterior elongation 

mxhxxOiZxxvti;. — b. 2 b 
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a.nd 0 , clistiiictiv6 form, but w8B luor© uoai'ly comp&raiblo with th© bou© iu bolciibof©!! 
Pterodflicty]©© than in any other kind of an ima l, living or extinct. 

It is probable that the bone was supported as an m-oh, of which the oxtremitios 
met the bodies of vertebrae, and the middle was attached to sacral ribs. In this 
matter we are not entitled to i-eason from the Hanover and Dresden w]ieoimens, 
because they have already been regarded as referable to another, though alliod, genus ; 
but the ilium is always broken and more or less displaced, and this favours the view 
lhat it was arched as in those types. The acetabulum is unknown. The ischium and 
pubis are altogether Pterodactylian, being expanded bones essentially conipai-able in 
contours and mode of union, with an obturator foramen between them j the pubis 
smaller than the ischium, with the ilium extending anteriorly and posteriorly beyond 
both bones. Something of the same type of pelvis is seen among Anomodonts, and 

Kg. 4. 



Kothosaurians and Plesiosaurians show a similarity in the ischium and pubis. It is 
also paralleled among the Geriosaurian Dinosaurs, and after the Omithosaurs those 
Dinosaurs would approximate most closely to Protorosav/t'us in pdlvio structui*e. This 
pelvis is more comparable to the Crocodilian than to the Lacertilion type. So far 
as the ilium is concerned, an approach to this type is made by the Jurassic 
Scaphaosaums. 

The femur, as already remarked, is Dinosaurian in its straight strong build, 
truncated proximal end, and distal condyles. If it has not the lateral trochanter 
or the proximal trochanter usual in Dinosaurs, the latter is absent from the femur of 
so typical a Dinosaur as ffadrosci/urus, and the former is absent iu SteyosnuTus 
some other American genera. 

An approximation to this form of fmaur is found among Nothosaurians, but those 
animals never exhibit the perfect ossification of the extremities here seen, or distal 

• Smwr, ‘Tlie Ornithosatma,’ p. 60, 1870, 
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condyles. The second segment of the limb is more like tbat of a Dinosaur than any 
other animal. Very few Dinosaurs have the tibia and fibula as long as the femur, 
but Professor TVrAnsTT has figured this condition in Laosauriis ; and in Goinpsot/nutiius 
the relative elongation of the second segment of the limb is greater than in Protoro- 
saurus. Omithosaurs also have this segment of the limb the longer, but then the 
fibula is only developed proximally, as among Birds. The proximal expansion of the 
tibia in Pi-otorosawus and its cnemial crest, well seen in the type specimen, are 
typically Dinosauriau (fig. 4). The sigmoid flexure seen in the fibula in some examples 
of Pt'OtorosdUTUs suggests that the bone terminated distally in fi’ont of the tibia, as in 
ArclicBoptei'yx and certain Dinosaurs. 

The tarsus differs from that seen in Dinosaurs in some important particulars. 
Pirst there is a large astragalus which appears in the StVEDENBOBG specimen to have 
an ascending talon ; then there is a compressed calcaneum, which in the Waldenburg 
specimen articulates with the cuboid ^ne. Between this proximal row and the 
distal row of three cuneiform bones are the cuboid and naviculare. This remarkably 
well developed tarsus is distinctive of Protoroaaurus, and Mammalian in its elements. 

There are five stout metatarsals, which increase in length fl-om the first to the 
fourth, while the fifth is but little longer than the first. They do not decrease in 
stoutness, as is the cose with OrocodileB. They are more elongated than among Liaards, 
though Soaphmamirua* has similar bones, but shorter than in Compsognathus and 
some Omithosaurs, like Dimorphodon. No near parallelism is possible with Dinosaurs, 
because the bones of the digits are so greatly elongated in Frotorosaurus, for this 
condition gives a Laoertilian character to the hind-limb, though the stoutness of the 
phalanges and metatarsals is more Dinosauriau. From the shortness of the first and 
fifth d^ts, and especially of the metatarsals of those digits, the foot has a suggestive 
aspect of degeneration, which, when the metatarsals came to be carried in an elevated 
position, might result m the development of such a foot as is seen in AUosawnis, 
though the fact that the fourth metatarsal is the longest seems to offer some difficulty 
in the simplification of the Protorosam’ian foot. The digital bones are ossified on the 
Dinosauriau type. 

The ahotddet'-girdle and fore-limh. —The shoulder-girdle is leas perfectly 
preserved than the pelvis. Bones which I regard as the coracoid and scapula aie 
preserved in the Munich specimen. If these are traced off and articulated, they show 
that the coracoid was relatively large, but, like the scapula, is suggestive of Dino- 
saurian or Ichthyosaurian form, though the coracoid is not without some resemblance 
to the bone in Plesiosaurs, and Plesiosaurs always want the naiTow anterior notch. 
Only a trace of these bones is seen in the Vienna specimen, where the very 
imperfect coracoid and scapula appear to have had similar forms ; but there is no 

evidence whether the coracoids met in the median line, or whether other bones 
* 

* Vox Mbthb, ‘Faaua der VorwoB,’ “ Bapidlien aas dam Lithograpliiaolieii Soliiefer d;s Jtira,” t. xiii. 

2 E 2 
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extended between them. Much more complete remains of the sho^der-girdle ore 
preserved in the Freiberg specimen, but the bones figged ^7 
easily understood, and are very different from the bones m the Muni^ fossil. ^ ^ y 
are probably displaced, and tiU I have examined the original can offer no decisive 
opinion on structures which appear to unite the chm-acters of Plesiosaurs and 


Fig. 5. 



Dinosaurs with distinctive ordinal characters. The scapula is formed on the Notho- 
saurian type, while the coracoid is unlike that of any Nothosaur, and might be 
Lacertilkn or Dinosaurian. And the arch appears to include other elements, which 
are probably the interdavicle and davides ; so that the resemblance to Dinosaurs 
which appears to be indicated by the bones in the Munich slab may have to be 
in fitvouT of a more gmieralised interpretation of affinity. 

The fore-limb is much smaller than the hind-limb. The foim of the humerus with 
its expanded ends might he Bhyndiooephaliaii, Lacertilian, or Dinosaurian. One 
large humerus figured by voir Mirmi as the Fulda specimen is quite Dinosaurian 
and has a large radial creert, but there is no proof that this can he referred to the 
Hn.TnH genus as Spenee’s fossil, though the small specimens appear to have a similar 
form to possess a radial crest ; but this might be Lacertilian as well as Dinosaurian. 
The |W¥nJW limb bones are equally remarkable for wanting diaraoters suggestive of 
definite affinity with fl-giati-ng i^pi^es. They are not Crocodilian, not like any lizard 
known to me, and not typically Dinosaurian, but only to be described as of generalised 
type. The carpus consists of rounded bon%, of which five form a distsd row corres- 
ponding to the five metatarsals, and three the proximal row, which lies on the radial 
aide, so that the ulna appears to articulate directly with the fifth distal carpal If in 
fonn of the hones the carpuB appears Plesiosaurian, it is as much Cetacean in that 
respect, and in structuTe makes as near an approach to Mammalian type as to Reptiles. 
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Th.e nietacai'pus has the bones more nearly equal in length than the metatarsus ; three 
are fasciculated in the middle, and the inner and outer bones are shorter and more 
spread out laterally. 

EVom this discussion I conclude that Protowsaurus has no predommant affinity 
with any ftyiating order of animals. Its cranial characters appear to separate it widely 
from other ordinal groups. If the strongest resemblance of the upper surfece of the 
aViill is with certain Nothosauis, the dental characters separate it. The second 
strongest resemblance is probably with certain Jurassic Omithosaurs. The vertebral 
column as a whole has much in common with Pterodactyles, more perhaps than with 
any other group, but the differences in the articulation of the ribs and the eacinim 
separate it. The pelvis is intermediate between that of Pterodactyles and 
Plesiosaurians or Nothosaurs. The hind-limb is in its proximal segments suggestive 
of Dinosaurs, and in its distal segments approximates to Lizards. The scapular arch 
is too imperfectly known to yield marked evidence of affiiuty. The fore-limb shows 
no striking differentiation. The animal is therefore of an ancient stock, and may 
have been derived from the group from which Ornithosaurs were developed. Hence 
I conclude that von Mevbe was fully justified in regarding Protoromunis as the type 
of a distinct order of Heptiles, for which the name Protorosauria may be conveniently 
used. 

DBSCaHPTION OF THE PlATES. 

PLATE 14. 

Eigure of specimen in College of Surgeons (No, 808, natural size). 

Figs. 2-7. Cervical vertebr® : sa, transverse process of sacral vertebra ; f, femur ; 
Ji, fibula ; t, tibia ; a, dermal armour. 

PLATE 15. 

Enlargement of skull and details of the teeth. 

Fig. 1. w, nasal; /, frontal; jp, parietal; so, supra-oooipital ; pf, prefrontal; pm, 
premaxillary ; s, ? sclerotic armature ; q, quadrate bone ; pt, pterygoid 
bone ; pi, palatine bone ; v, vomer ; d, dentary bone ; a, articular bone ; 
an, angular ; 8.m, surangular ; sp, spleniate. 

Figs. 2, 8, Teeth in skull. 

Figs. 4, 5. Teeth on the pterygoid bone. 

Figs. 6, 7. Teeth on the vomerine bones. 

Figs. 8, 9, 10. Teeth in the lower jaw. The appearance of a fang in %. 9 may result 

from the alveolar border lismg above the base of the tooth. 

Fig. 11. Dermal armour. 

^ PLATE 16. 

Outline restoration of the skeleton of Protorosaw'us reduced. The shoulder girdle is 
omitted. The restoration is based chiefly upon the Yienna specimen. 
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§1. Introdiiotion. 

Our attention was directed to tli© action of tlic excised Majninaliaii heart iii the 
course of experiments relating to the electromotive action of vunoixs tissuosy liy* oui 
observation of the fact that the electromotive variations indicative of action outhist 
visible contractions ; secondly, that the contractions of the excised organ are of an 
sxtraordinarily prolonged character. 

We consequently pursued our observations (1) by the galvanometer, (2) by the aid 
of the graphic method, (8) by the capiUaiy electrometer (LirPMAim). By the 
galvanometer and by the electrometer we observed tbe electrical changes consequent 
upon spontaneous or provoked contraction, and in the absence of visible contraction. 
By the graphic method we determined the duration of spontaneous and of oxcitod 
beats, and, with regard to the latter, the length of the latent period at various times 
after Incidentally we also observed the time duiing which the rhythmic 

beat persisted after excision and tbe chai'acter of that beat under varying conditions 
of temperature. By both methods we were able in fiivourable cases to follow the 
progress of the wave of contraction, both spontaneous and excited. Our observations 
were made on the hearts of Cats, Bogs, Babbits, Guinearpigs, Bats, and Sheep. 

I IL Tfe during which spontaneous contractions continue after eaoision of the 

heart. — Mode of decline, 

Ihe statements as legacds this point which are most generally quoted are based upon 
the observations of Czbkmak. and Piotbowbky, who found for the heart’s beat of 
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Babbits a minimum persistence of 3 mimites, a maximum persistence of 36 minutes ; 
the mean of 60 observations was 11 minutes 46 seconds.’’’’ In the few observations 
which we devoted to this point we obtained durations considerably longer than the 
maximum given above. 

We obtained, for instance, from three Babbits’ hearts the record of spontaneous beats 
during 72 minutes, 71 minutes, and 42 minutes respectively, and beats in response to 
excitation for as long a time as hours post mortem (Nov. 28). On Cats we recorded 
spontaneous beats for periods of 25^ minutes (Nov. 30), 23 minutes (Dec. 2). On a Dog 
we observed them for 2 hours after excision. These periods were longer than we 
anticipated, but they were exceeded by a figure given by BonssEATr in 1808, viz., 
29 hours post mortem, — contractions on a guUlotined Woman ,t also by figures given 
by VuiiPiAN, 93^ houra (B. A-uride of Dog), 46^ hours (Auricles of BAt).t Bbown- 
S^iTABD also gives some very high figures, 53 hours (Dog), 34 hours (Babbit), 81 
hours (Guinea-pig).t 

It must be observed, however, that in most cases the heart remained in, situ, that 
generally the movements observed were of the B. Aur. or of the Vena Cava, and that, 
as far os can bo gathered from the description, the observations were generally of the 
fibrillation of minute portions placed under the microscope. Our observations, excepu 
in the case of the Dog’s heart above mentioned, were of complete ventricular contrac- 
tions giving characteristic records. Tlie heart was removed immediately after 
decapitation and placed upon an adjustable platform with a light lever resting upon 
it, arid our rosults are comparable with those of CzBiBMAK and Pioibowskt,* with this 
addition that we recorded the movements. 

Of fibrillation such as that spoken of by the French physiologists we took no 
account ,■ we noticed it indeed, but did not follow it to its end. 

We ore not acquainted with any such published records of the movements of the 
excised 'l yrnTmr.filin.n heart, we therefore submit some examples illustrative of the usual 
mode of the decline and of its ordinary modifications at various times post mortem. 
{Vide Tracings I, 2, 3, 4. Tables A, B.) 

1. Generally speaking, the decline is fairly regular as to force and fr'equency of 
contraction ; force of contraction declines, however, more rapidly in the first momenta 
after excision than at later periods (Tracing 1) ; frequency of contraction diminishes 
throughout the observation regularly at first (Tables A and B) ; at a later period the 
contractions are at long and irregular intervals (Table D). 

2. The supervention of a bigeminal character is frequent as a regular irregularity. 
Sometimes the beat is bigeminal from the instant of excision to the end of observation, 
sometimes it is uniform at first and gradually becomes bigeminal. The bigeminal 


* ‘Wien, Akad. Sitaber.,’ vol 26, 1867, p. 431. 
f ' Oomptes Rendns,* 1858, p. 8. 

I ‘ Journal de la Physiologie,’ vol. 1, 1858, p. 357. 

2 r 
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cWter is more pronounced at the base than at the apex, and may be entirely absent 

from the auricle \^hen it is present in the ventricle. (Tracings 1, 2, 3.) 

3. A third feature is sometimes very marked in such cases where the decline in 
force and frequency is not regular. A pause of unusual length is followed by a beat 


Tracing 1. 



Oa**B lisairli. Beoord 'begbs 1 minnte, ends 18 minutes, post mortem. DiorotiBm supervened at end of 
let minute, and oonlinued so until 18th minute, when delirium cordis suporvenod. Reduced. 

H'oT*. ^The tradngs on smoked paper were taken on a cylinder having throe rates of involution. All 

trueings read from left to right. 

1. Quiek rate, 1 mm. of sur&oe = '004 second. 2. Middle rate, 1 mm. of surface := '022 second. 
8. Slow rate, 1 mm. of snxfane = '15 second. 

Tracings 1 to 8 indnsive are taken with tiie sbsr rate. Tracings 9, 10, 11, 14, and 15 inoluaivo are 
faVm tritih the middle rate. Ttarings 12 and Id ioolusive are taken with the quiek rate. 


of unusual height (Table 0, Tracing 4). This sign of restoraUve action during rest 
oocurred with^veiy different frequencies. It is noteworthy, however, that in bigeminal 
tradoga stronger contraction is not preceded by a longer pause, nor the weaker con- 
traction ly a shorter pause. 

4. Beats in groups are sometimes seen as an irregularity (Tracing 4). 
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5. Extreme iiregularity in the form of iiTegular rapid fibrillation (delirium cordis) 
occasionally occurred (Tracing 1). 

0, In the first few minutes after excision the sequence of auriculo-ventiicular 


Ti«aoiiig 2. 



Traoiug of Gat’s heai'ts, 5 miuutos post mortem, showiiig bigeminal obaraoter of beat, taken by a doable 
oardiogi'apli cjonsisting of two levers resting upon ibe ventriole near the base and near the apex ; 
the bigeminal ohar'aoter is more marked near the base than near the apex. 


Ti'aolog S. 



Babbit’s heart,' double cardiograph, ooxisisting of two levers resting on aariole and ventride; the 
bigeminal character is evident in the ventride, while it is absent in the aoiiole. (W e have never 
seen it in the amide.) 

Tiaoing 4. 



Cat’s ventride 5 record commences 3 minutes post mortem j shows ventricular contractions in groups 
separated by pauses, each pause being followed by a contraction of nnusual strength. 


action was normal Later several axiricular beats occurred to one ventricular beat 
(Table D). Later still the ventricalai beat was quite independent of the auricalar 
beat. ' We inoidentally observed the ventricular action to outlast the auricular. 

2 F 2 
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Tracing 5. Th© two points to wliich w© specially directed 

I our attention at this stag© were the changes in tho 
dm*ation of th© ventricular conti’actioUj both spon- 
taneous and excited, and iu the length of tho latent 
period of stimulation. With regard to ])Tevioi.ifl 
observations, w© know of none, with the exception 
of a very imperfect datum consigned iu LANUOib 
“Physiologie," 1880, p. 95, where he gives tho 
maximum duration of the systole of the excised 
Rabbit’s heart as -48 second, the normal dtimtion 
being '25. Of the period of latent stimulation we 
have nowhere found any mention.* 

§III. Duredion of syKtula in the exoiml heaii. 

Our observations show that from tho inoinont of 
excision the ventricular contractions steadily inoroa ho 
in duration to a maximum of about G socondw, ■U)© 
normal duration being about *3 second. This state- 
ment holds good for hearts of Cats, Dogs, and 
Babbits removed and observed at ordinary room- 
temperature (16° Cent.). The hearts of these 
animals at 16° Cent, give contractions far exceeding 
in duration that of the contraction of the Frog’s or 
Tortoise’s heart at the same temperature. Table A 
and Tracing 5 axe illustrative of this statemenh 
The chief cause of this change is on alteration of 
temperature, the heart m situ being at a tempera- 
ture of 37° to 40°, while the temperature of the 
room was between 15° and 18°, or during the whiter 
as low as 12°. That the temperature factor was 

• Three times in the oourse of our obseryaiionfl wo noticed 
that immediafely after dooapitation the diaphrapnn on tho loft 
side oontraoted simultaneoxisly with tho boat of hoarl, Tn ono 
case the oontinotioiis of tho diaphragm wore so Rirong’ ok to 
bend the body of the animal to tho left side with each boat of 
the hean't. Wo supposed that the ph(momonon was ono of 
Contiwfciona of the «oited Babbit’s secondary contraction, the loft phronio being oxcitod by tho 

minuto Ser \*d8ioa ; ^o^ng change of the heart at each contraoUon. Tho 

inoreasbg prolongation of the oontraotionB of the diaphragm wore at onoo arrested by soctioii 
vantrioular oontraotiiom of the phrenic below the heart. 
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the impoi'taiit one ■was shown, Isfc, by placing the heart in a constant temperature 
chamber at 40°, 2ud, by placing it in a chamber burrounded by ice. In the first case 
the characteristic prolongation was almost enthely absent, in the second it was greatly 
exaggerated. (Tracing 6.) 

Traciug G. 



Beats of Dog’s heart in warm ohamher at 88° 0. ; the decline is rapid and there is no appreciable 

prolongation of the ventrioular contraction. 


Tracing 7. 



Effect cf ccld (8° 0.) on ventrionlar contraction of a Kitten’s heart; the latent period is about 
•S second, tho duration o£ contraction is at toast 10 seconds (this is the greatest prolongation 
that wo hare observed). 


We do not think, however, that the temperature is the only condition involved, 
■though it is cevtaiuly the chief one, for we ha^ve, as a rare exception, observed an 
al^bemately longer and shorter contraction, without of course any possible alternation of 
temperature, and we have found that the hearts of very young anim a ls are more 
susceptible of this modification than those of fully grown animals. (Tracing 7 ) An 
c^xflTnpIft of the excessive prolongation of which the contraction is capable under the 
influence of low temperature is furnished by Tracing 8. 

In the course of our experiments regarding the effect of temperatme upon the 
heart’s contraction, we made observations showing the great susceptibility of the 
Mammaliau heart to cold, and the preservative influence of cold upon its capacity for 
action. The effects of cold (surrounding by melting ice) are, in the order in which 
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they occur, 1st, lengthening of the spontaneous contractions; 2ud, abohtioii oi the 
spontaneous contractions ; Si-d, diminished excitability to mechanical shmuh, wii^ 
lengthening in the peiiod of latent stimulation ; 4th, a,bo]ition of excitabihty to all 
stimuli The foil effect of cold having been produced, vm., total abolition of wntrao- 
tility, spontaneous and provoked, the application of warmth (by suiTOunding the 
vessel containing the heart with water at 40*’ C.) can restore contractiUty, 
spontaneous as weU as provoked, the latter reappearing before the former. Tins 
abolition of contractility by cold, and its restoi'ation by wannth, may bo repeated 
more than once; we have repeated it as many as three times. The following 
experiments illustrate these statements : — 


L— JStten'* heart. December 5th, 1886. Becox>d begaa minute after decapitation. 
Heart in small crucible sun-ounded by ice. The heart at first garo 11 beats during the first 7 seconds j 
it subsequently gave strong contractions at very long intervals (about 20 seconds) for a period of 
41^ minutes. 

It ooutinued excitable for 6 minutes longer. Doling Uio liibt mmuto ot this ponod tlw prolongation 
of the latent period and of the contraction were excessivo, gi'oaioi* than any wo had hiihoiio ohflorvoA ; 
the latent period was about 2 secondfl, and the length of contraction waa so groat and iifl fall ho gradiml 
that it could not be exactly measured ; it is reproduced in Ti*aoing 8. Its rise to a moxinnim f)fciipiofl 
nearly 4 seconds. At end of 12 minutes post mortomi it was no longer oxoitablo. 

The ice was remoyed and replaced by warm water at 40® 0. The hoart booamo oxoiiablo, but 
spontaneous beats did not return 
The latent period was so short that we did not measure it. 

The duration of contraotion was shortened, and it was noteworthy that the ascoiit of the curve was rapid 
while its descent was still gradual. 

Ba^eriment 11.— heart. December 6tk. The record began 1 minute after dooapitation, the 
heart bemg in a oup surrounded by ioe. 

It only beat for minute, giving altogether 18 spontaneous beats. 

It oontinued excitable to direct stunulalson for about 3 minutes longer. 

After the heart had ceased to be excitable it was removed from the induonoo of the i(*o, and won 
subjected to that of warm water at 40® 0. 

Within 1 minute of application, of warmth tho heart reoommonoetl to boat at ftwi 

slowly, afterwards more rapidly. 

Excited oontraotions followed so rapidly upon meohauioal oxoiiation that we could not moa^^ujro the 
latent period with the rate of revolurion employed. 


Mintiies after applioation of waimtlit 
3 miu, 

S » 

8 „ 

11 » 

14 „ 


Frequeui^ of beat 
8 beats per 15 seconds. 

8 ), „ t, H 

8 it )» }) » 

8 1) )} }, ,1 

o 

» » » it 


ObservBibion stops 80 minutes post mortem, the heart stiU heating fcobly. 

It is noteworthy that after the applioation of cold during 10 minutes, hy which spontaneous oontrao- 


• We found meohanioal Btimulation more effectual as well as more oonvonient than stimuli from tlie 
induction coil. 
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tions and excitability were entirely abolished, the heart, under inflnenoe of moderate warmth, recovered 
BO as to beat for 20 minnies, giving during that period more than 150 beats. 

Us^eriment III . — Small ThabbiL December 18th, 1886. Decapitated at 12. Heart excised and placed 
in porcelain crucible surrouiided by ice. 

Tlnie. 

12.2. Record begins. 

12.7. Spontaneous beats have ce<is6d. 

12.9. Excitability has ceased. 

12.13. Warmth applied (water at 40°). 

12.14. Spontaneous beats renewed. 

12.20. Cold applied (melting ice). 

12.24. Spontaneous beats ceased. 

12.26. Excitability ceased. 

12.28. Warmth applied (40°), 

12.28-30. Spontaneous heats. 

12.40. Cold applied (0°). 

12.44. Excitability ceased. 

12.48. Warmth (40**). 

12.50. Spontaneous beats. 

1 2.55. Excitation, followed by “ delirium.** 

1 Cold applied for 10 miuntes ; quite inexcitflble. 

1.10. Warmth applied; a single spontaneous boat. 

1.20. Heart quiesoont and inexoitablo. 

Semarh — ^The excitability of Uie heart was throe times in succession abolished by cold and restored by 
warmth. 

We have gone fiirther than this ; we have frozen the heart until it was quite hard 
by placing it in a capsule surrounded by ice and salt, and have observed its spon- 
taneous contractions when it has been thawed. 

TJaperimewt lY.— Deoemher 19th, 1885. A Oat was decapitated at 11 59, the heart quickly excised, 
and plaood in a porcelain capstije surrounded by ice and salt; by 12,14 it was frozen hard; it was 
removed from the freezing mixture and placed in another oapsule surrounded by water at 42® 0. It 
oommonood to boat sponiauoouBly at 12,24^, and a lever was at once placed upon it, and a record taken 
on the smoked cylinder. 20 spontaneous boats were recorded, and the heart remained excitable to the 
prick of a noodle till 12.33. 

We have gone further still : we have left the freshly excised heart in a freezing 
mixture for 8 hours. Its contractility did not, however, return. The heart’s beat 
was recorded on the smoked cylinder in all the above experiments. 

Warmfh, notwithstanding its restorative effect upon a cooled heart, is not ftvourahle 
to the long persistence of its rhythmic contraction after excision, nor even if it be left 
in the body of the recently killed animal. We have noticed at the outset that the 
excised and cooling heart usually beats for a longer period than a heart 1^ m the 
body ; we observed later that an excised heart beats for only a very short period in the 
wann chamber at 38" 0., and we may add that a small, and therefore rapidly (^led, 
heart (Rabbit) outlasts a large and slowly cooling heart (Sheep). As of other tissues, 
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the excitabilitj' of the heart is groat, and its dedine rapid, at high temperature, while 
excitability is small, and decline slow, at low temperature. 


§ TV. The latent period of eiimulation. 

Our observations show that there is a general correspondence between the duration 
of contraction of the ventricle, and its excitability, and the length of the latent period 
of stimulation. 

In general, the correspondence is such that, with the lengthening of the contraction, 
excitability decreases, and vice versd. That these eflects are in the main dependent 
on temperature is shown by the fiwjt that they can be altered at will by variations of 
the temperature of the surrounding medium. Thus we may alternately obtain with 
the same heart, 1st, long contraction, long latent period, and obtuse excitability, or 
2nd, short contraction, short latent period, and acute excitability, at (1st) lowered or 
(2nd) heightened temperature respectively. 

A heart removed from the body, and examined at 15° to 18° C., shows the 
gradually increasing changes characteristic of lowered temperature; independently 
of this fiictor, however, quite similar changes supervene which are to bo referred to 
the natural decline of aotion from the life normal to the death zero. This decline is, 
as for other tissues, not instantaneous, but gradual, and characterised by gradually 
increasing sluggishness, first, of spontaneous action, and secondly, of responsive action. 
The complete elimination of the temperature factor did not enter into the plan of our 
observations, and we give no experiments in support of the above general proposition, 
although we have observations su£B.cient to justify our assertion of it as of an 
experienced fact, not merely of an untested truism. The fact which we desired to 
clearly demonstrate is the great sluggishness of action to which the Mamnaalian heart 
may be reduced before action is extinguished ; so that its processes, normally far more 
rapid than these of the cold-blooded heart, become so protracted as not only to equal, 
but to exceed, the latter in slowness of accomplishment. Our observations fumishecl 
the demonstration, and clearly show that the Mammalian heart is more susceptible to 
difierenoea of temperature than is that of the Frog.^ 

Of the statements regarding the three features referred to above, viz., length of 
systole, length of latent period, degree of excitability, the first has been considered in 
§ 1 ; with regard to the third, we have no evidence to give beyond the statement that 


27“— 0*9 
24“— 1 
21“— 1-3 
18“— 1*6 

Nomal duration of Erog’a t^atole at 15“ — ^1‘9 

12 “— 2-1 


BuKsoir Sandbbsov, 

► ‘ Journal of Physiology,’ 
vol. 2, p. 884, 


Prog’s (ystole tea times as loag at 8“ to 7“ as at 18“ to 20“. BBaviunr, vol. i p. 872, 
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we could rouglily estimate excitability by tbe greater or less energy with which a 
mechanical stimulus is required to be applied to provoke contraction ; with what we 
have termed “ acute ” excitability, tbe lightest superficial touch was sufficient to 
discharge a heat ; with “ obtuse ” excitability, pricking or scratching with a needle 
was required to produce any effect ; between these two extremes we could and did 
test gradations which justified our statement. To the second feature, viz., length of 
latent period, we paid particular attention ; a suinmaiy of our results is given in 
Table E, fi?om which it appears that the latent period is prolonged with prolongation 
of the heart’s contraction. There is a rough relationship between the two magnitudes, 
the former being to the latter about one-tenth ; but the relationship is only a rough 
one, owing to the fact that when the contraction is very prolonged it is impossible to 
determine where it ends on the tracing, and its true time-value cannot, therefore, be 
exactly given. But the chief point is unmistakably dear : the latent period of 
stimulation may be extraordinarily prolonged, a very tisual length being about '5 sec., 
and an exceptional maximum being as great as 2 secs, (see Tracing 8). This, as far as 


Tracing 8. 



Rabbit’s lienrt 5 effects o£ cold and heat on latent period ; in the cooled heart the Intent period is abont 
2 seconds, the ventricnlar contraction rises slowly to its maximnin; in the case of the warmed heart 
the latent period is vray short, and the ventricular contraction very rapidly reaches its m a x imnwi ; 
the decline is in both cases gradual, most so in the case ol the cooled heart. The heart was placed 
in a porcelain oapsnle and cooled or warmed by being smronnded by ice or with water at 4 G' 0 
X denotes instant of stiinnlation. 

we know, exceeds any value that has been observed for the Frog’s heart, in which the 
latent period is usually between *1 and *2 sec. 

The above remarks axe applicable to the ventricular beat. We have also made one 
or two observations on the auricular beat with analogous results, viz., prolongation of 
the latent period and of the duration of contraction. 

That lowered temperature is the chief factor in the prolongation of the latent period 
as in that of the duration of the contraction, we learned by experimentally varying the 
temperature, altematdy cooling and warming the heart. 

The effects as regards the latent period are especially striking ; the same heart may ^ 
respond to a stimulus only after a period of one second or more while it is in a 
relatively cold medium (12° to 0“ 0.), and when this is replaced by a relatively warm 
TnAHinm (38° to 40° 0.) response becomes almost immediate.* 

* We use tbis indefinite ezpress'on because our tiacings wore talcen on a dow-rate cylinder, aud 
MDCCWLXXXm-— B. 2 a 
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§ V. The Wave of Contraction. 

It is not known whether or no there is any wave of contraction in the normal systole 
of the Mn.ifWTYtn.lin.Tt heart, nor has it hitherto heen sought for in the seised organ. 
There are no data to show whether, in the spontaneous or excited heat of the heart, 
its individual elements contract simultaneously or successively. 

Our knowledge of the wave of contraction in the heart rests entirely upon observa" 
tions m^e upon the excised organ of cold-blooded a nim als (Frog, Tortoise) j the 
method employed has been to follow by rheotome and galvanometer the electromotive 
signs of an excitatory state at points more or less distant from a point of excitation. 
By this method, as applied by Enqelmaiw, Marchand, and Burdon Sandbbson, the 
diphasic variation indicative of the passage of a wave of negativity has been plotted 
out, and its time-relations determmed j the results thus obtained have been by 
Btirdoit Sakbebsok controlled and confirmed by photo-electrometric records. The 
velocity of the wave thus determined has been given at 20 to 40 mm. per sec. (ENanL- 
MAKw), 100 mm. per sec. (Marohand), 125 mm. per sec. (B. Sandberson and Page).* 
These results apply to the excited beat of the **Btanniused Frog^s heart. "With regard 
to the spontaneous beat of the Frog’s heart, a double variation indicative of negativity, 
first at base, then at apex, has been seen, and is properly received as evidence of the 
passage of a wave fiom base to apex m the spontaneous systole of the excised heart. 
No attempt has been published, as &r as we know, to determine a wave of contraction 
in the beat of the 'M'a.Tnmfl.liH.u heart, whether spontaneous or excited, nor has the 
wave of contraction been recognised on the heart of any animal by a mechamcal 
method analogous to that which AsBYt first applied to skeletal musde. 

We have examined the Mammalian heart for the phenomenon in question both by 
dectrical and by mechanical methods. Deferring consideration of our results by the 
galvanometer and dectrometer, we here briefly give the results of our application of 
a mechanical method, viz., application to the heart of a double myograph so as dmul- 
toneoudy to record the movements of its different parts. With regard to the 
instrument, we need only say that it consisted of two levers, 1 to 8 cm. apart, whidi 
were applied to the exdsed heart just as in Abbt’s experiment they are applied to 
voluntary musde. It will be wdl to give separately (a) the results we obtained upon 
the quiescent heart by exdtation nearer to one or other of oiu: levers ; (&) the results 
we obtained on spontaneously beating hearts. 

(a.) Exdtation of a quiescent heart, upon which rested the two levers of our double 
cardiograph, at once revealed the fact that the total coordinated contraction of the 

ttb Tund. maohanioal stimnli. [FliiB was necessary,* tut did not give ns tlte opportunity of taking 
fifi ft nifiasarezaeaia of tizae, which, indeed we did ziot reqiiires 
* Ekgslhato; PrL^ara’s ^Arcliiv t PhysioL/ yol 17 j Marohahd, vol. 16 and 17} BuRdon 
Sandemof and Paqi, * Journal of Physiology/ voL 2, p. 88** 
f Asbt, ‘ Arohiv Anai. Physiol./ 1860, p. 268* 
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Tracing 9. 



Wave of oontraofcion in ventriole of Oafc’s keart, 80 mimitea post mortem ; taken by double cardiograph ; 
TTiftob a n ^cTfl l stimiilation near the base gives a ventnonlar (K)ntraotion, in which the lever resting on 
the base oommenoes to rise earlier than the lever resting near the apex j mechanical stimulation near 
the apex causes the lever near the apex to rise before the lever near the base. 


Tracing 10, 



Wave of contraction in a strip cut obliquely from the right ventricle of a Dog, 10 minutes post mortem. 
Mechanical stimulation. The prozunal lever is raised before the distal lever. 


Tracing 11. 



Wave of contraction in right amide of Dog’s heart. Upper line base, tower line apex. Excitation 
near base (fi). Ditto. Excitation near apex («). 

2 a 2 







228 


DR. A. D. WALLER AND MR. B. W. RBID ON. THE 
Tracing IJ?. 



Wave of contraction in Frog’s yentricle. Upper line apez, lower line base. Excitation near apex («). 

Excitation near base ()3). 


Txaoing 15. 



Ware of oontraetion in spontaneana beat of Frog’s heart taken by double cardiograph. The moye- 
ment of the leryer re^tmg on the base precedes that of the leyer resting on the apex. It is note- 
worthy that in all cases the contraoLion at the base outlasts that at the apex. 
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organ occurred as a wave starting from the point of excitation. The lever nearest to 
the excited point commenced to rise sooner than the more remote one, the difEsrence 
being sometimes so considerable as to he plainly visible ■without record. 

Tlais, which is the fundamental fact, was dear and unmis'takahle in ventricle and in 
auricle, and we may anticipate upon a fiitme section of our paper by adding that the 
galvanometric indication ef the passage of a wave of negativity was equally clear and 
unmistakable in the foi*m of a diphasic variation. 

We tJius learned that the ■wave known to occur in the excited beat of the “ stanniused ” 
Frog's heart occurs binder similar conditions in the Mammalian heart, i.e., in the excised 
quiescent organ. As may, however, be expected, the experimental shoitcomings of the 
Mammalian heart are more frequent than in the case of the cold-blooded oigan ; 
complete and typically illustrative resul^ts are not obtained without fe.il, and variations 
are so great that a normal time- value of the wave cannot well be given. 

But we have obtained records conclusively sho^wing the existence of the wave in 
the ventricle n-nd in the auricle, both in the entire organ and in strips of muscle cut 
therefrom. The experiments we have made in I’dation to this point are given in the 
accompanying o'SsumS (Table F). Tracmg 9 is an example of the wave of con^traction 
in the left ventricla Tracmg 10 is an example of the wave of contraction in a stiip 
of the light ventricle. Tracuig 1 1 is an example of the wave in the right auricle of 
the Dog’s heart. Table G contains the results of the few measurements we have 
made of this wave. 

The results thus obtained on the Mammalian heart led us to apply the same 
method to the heart of the Frog; for this purpose we employed levers 5 mm. apait. 
As far as we knew, this had not yet been done : Marohanp had attempted to obtain 
evidence concerning the rate of the contraction wave by alternately exciting the 
ventricle, near and fer, from a paii; upon which a single lever had been adjusted ; his 
attempt failed, as was to be expected, from the variability of the latent period. The 
double lever, by means of which the contractions of two parts near and far from a 
point of excitation ai’e simultaneously recorded, avoided this source of error, and by 
it observations may be multiplied. Our measurements thus made give for the 
rapidity of the contraction wave in the Frog’s ventricle, at between 8® and 1 2“ C., a 
rapidity of between 30 mm. and 90 mm. per sec. 'These measurements are given at 
the end of Table F, and are illustrated by Tracing 14. 

(6.) The Spontaneous JBecd . — The evidence which we had ob^tained of ■the oceuirenoe 
of contraction consequent upon excitation of the quiescent organ in the form of a 
wave starting from the excited point naturally led us to inquire whether or no a 
similar wave of contraction takes place in the normal spontaneous contraction. The 
• ■testimony of the galvanometer is to the effect that such a wave does occur in the 
spontaneous beat of the excised Frog’s heart ; the rheotome is here inapplicable, but 
the double variation observed ffom the beating heart, when led off at base and apex, 
is such as to indicate the two phases : (I) negativity of base, (2) negativity of apex. 
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from which tho conclusion is drawn that contraction proooods from bas6 to apox. 
With ^regal'd to the rate of propagation of the excitatory state in the spontaneous 
beat we ha^e no information. 

The application of two levers, 5 mm. apaii}, to the ventricle of the spontaneously 
beating Frog’s heart at once shows that the contraction is from base to apex, and the 
difference in time between the rise of the lever nearer to the base and that of the 
lever nearer to the apex can be measured with reasonable accuracy; this time- 
difference shows that the wave of spontaneous contraction occurring from base to 
apex has a rapidity of about 100 mni. per sec. at a temperature of 9® 0. (Tracing 15). 
As regards the spontaneous beat of the Mammalian heart, a similar method led us to 
results markedly different fixim those we had obtained in the Frog’s heart. We have 
examined the hearts of Cats, Kabbits, Dogs, and Sheep, and find that in the spon- 
taneous beat of the excised organ the contraction of the apex generally appears to 
precede that of the base ; in some cases we have been unable to detect any difference 
between base and apex : in only two cases have we seen the contraction of the base 
precede that of the apex. The accompanying Table, G, summarises our results upon 
this point, and we give examples of the records we have taken in Tracings 12 and 13. 
It may not be superfluous to add that we have exercised all possible caution and 
care, paying due regard to correspondence of levers, pressure of pens, and compai'a- 
tive sLze of contractions. 

It appears from our Table, firstly, that the rapidity of the wave is in general much 
greater in the hearts of warm-blooded animals than in that of the Frog. Secondly, 
that in Mammals it is more rapid in large hearts than in small; the maximum 
rapidity which we have accurately observed was in a Sheep’s heart, the record 
being taken 4 minutes after death by bleeding, the levers being 8 cm. apart ; the 
time-difference was -01 sec., giving a rapidity per sec. of 8 metres. Thirdly, the 
rapidity of the wave progessively decreases after excision of the heart.* 


* When we made our obaervationa we ware not acquainted with those of F, Kxttg (Da BoiS-RsYifONU*B 
^ Arohiv for Physiologie,’ 1881, p. 265, and 1888, p. 898). In his first paper ho stated as the probable 
, oonGlnsion to be drawn from his observations that apex precedes base in the normal systole of the heaa^ 
of Frogs and of Rabbits* No records are given. His method of observation was, however, not free 
from objection, and in his second paper he states that the evidence derived from his previous observations 
is of no value. The obaervatLons were made upon hearts in situ, with intact circulation, so that tho 
discharge of blood by the auricle caused a movement of the ventricle which prevented the detenubation, 
with, a B uffioient j^ rapidly travelling surface, of the oommenoing ventricular contraotionB. 

The opinions of Sbnao, Amou), and of a British Association Oommittee in 1848 (quoted by 

KtlBscEXBB in Wigsir’s ‘Handw. der Physiol.,' 1844, vol. 2, p. 86), were various; they were based on 
simple inspection of the heart’s movements. 
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Tiacisg 12. 



Ware (P) of oontraotion in Tentriole of Cat’s excised heart, beating spontaneonsly, 2 mmntes post 
TpftT»faiTn. The vertical lines r, r indicate corresponding positions of levers, that resting on the 
apex being a little in advance of that resting on the base. 


Tracing 13. 



Spontaneons contraction of Cat’s heart, recorded by donble lever, 3 minutes post moito. The 
movement of the lever resting on the apex precedes that of the levenc resting on the base. The 
verticjal lines r, r mark correspondence of levers* 
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§ YI. Qalvanometev Indications. 

It is necessary first to describe the plan of our apparatus, and the meaning of the 
abbreviations we shall have to use. 



The heart, having been excised, was laid upon an insulatmg support, slightly hollowed 
to receive it, and the ventricle, right or left, led off by unpolarisible electrodes appUed 
near base and near apex respectively. The disposition adopted was such that the 
apex was always in connection with the north screw of the galvanometer, the base 
>)AiTig in connection with the south screw ; we call these points respectively A and B. 
Current through the galvanometer from A to B is indicated by a deflection sonih of 
the magnet, current -from B to A by a north deflection : it is thus apparent that a 
north deflection indicates that A becomes negative to B ; that a south dofloctioii 
indicates that B becomes negative to A. To denote the deflectioiw north and south 
respectively, we use the letters N and S for large deflections, n and s for small deflec- 
tions. We used a very delicate Thompson galvanometer (Tl= 18,000 ohms); tho 
periodicity of its oscillations was such as not to allow tis to make observations at 
intoTvals of less tlisii half a minute. 

This was in some cases a disadvantage ; it was, however', soon apparent to us that 
the cpuditTnu of the heart itself is generally such as to forbid the too frequeirt 
repetition of excatations. 

In observations of the kind which we had to make it would have been useless to 
tSr VA exact measurements in number of degrees, and we contented ourselves with the 
occasional use of the qualifications “ large ” and “ small ” to express the relationship 
to each other of the two phases of the diphasic variation which usually came under 
our observation. 

Any electrical inequality between the two led-off points was compensated in the 
usual manner by means of a SaNnsssoN’s potentiometer ; we used the same instru- 
ment to take measurements of such differences of potential. 

Our ohservations by the galvanometer are in the main confirmatory for the 
Mammalian heart of the fundamental ftots established on the !Frog’s heart by the 
researches of ENOsiMAiirN, Bitbdon Sandebson, Mabohand, and others, but with 
certain reservations and amid frequent irregularities, owing to the presumably more 
mobile nature of the Mammalian organ. We know already, from the ohservations of 
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Kollib:eb and Mullbr,* tbat the spontaneous systole of the Mammalian heart is 
accompanied (or rather preceded) by an electromotive change ; to this we have to add 
that the electromotive change is frequently diphasic, and entirely similar to the 
diphasic variation of the spontaneously beating Frog’s heart. The second chief fact 
relating to spontaneous action is that electromotive changes, such as ordinarily belong 
to visible contraction, frequently persist in the absence of such visible contractions, 
n.nd continue long after these have entirely ceased, t.c., invisible molecular changes 
outlast visible changes of form. 

(a.) Excited confractions . — As regards excited beats, one fimdamental result is that 
excitation applied near to one of two points, by which any two parts of the excised, 
but otherwise uninjured and quiescent, heart are led off to the galvanometer, gives 
rise to a diphasic variation the direction of which is such as to indicate (1) negativity 
of the proximal electrode ; (2) negativity of the distal electrode. These are the most 
important points which we have been able to satisfactorily establish. To these may 
be added a fourth statement, viz., the effect of local injury long after the heart has 
become quiescent, i.e., inexcitable, and is apparently dead, is to develop a local 
alteration of potential, the injured part becoming negative to all other parts. 

The details of our experiments show many irregularities, some of which we can only 
partially understand, but which are doubtless attributable to irregularities and 
inequalities in the dying organ ; these may have been due to differences of tempera- 
ture or accidental injuries, or other spontaneously occurring inequalities of excitability 
at different points. It might be expected that an explanation of these should be 
found by the experimental establishment of such irregularities : we have sought for 
such an explanation and failed to find it j and we attribute this failure to the great 
susceptibility of the excised Mammalian heart to experimental interference. Our 
laboratory notes contain abundant examples of this extreme susceptibility to 
apparently trivial causes. To mention on example, we have frequently noticed that a 
slight touch with a blunt pointed instrument near one of our two electrodes was 
sufficient to develop permanent negativity at the part, indicative of a slight degree of 
injury. It consequently happened, as the most frequent exception to the classical 
effect, that instead of the diphasic vai’iation, indicative of negativity at the first and 
second contacts respectively, we obtained only a simple variation. We think that 
the apparent local negativity developed under these conditions was in different cases 
attributable to either of two causes : (1) injury; (2) the excitatory state. The first 
cause is indicated by a single permanent deflection, the second by a single swing ; and 
that t.bia is an excitatory effect is indicated by the fact that the first variation 
consequent on excitation is often followed by a second or a third such variation, and 
that the series of single variations thus initiated may terminate with a typical 
diphasic variation. We have* exceptionally noticed that local excitation might give 
rise to a smgle variation, indicating that the electrode furthest from the point of 
• ‘ Wttrzburg, PHya. Med. OeselL Verhaadl.,’ vol. 6, 1866, p. 629. 

MDOoaLXxxvn. — ^ b. 2 h 
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excitation becomes negative to tbe proximal electrode. This result is exceptional, 
and, although at first sight anomalous, can, we think, be reasonably explained. We 
it is due to unequally excitable tissue at the two led-off points, and that the 
inequality consists in diminished excitability near the first lead-ofF in comparison 
with greater excitability near the second lead-off. Our notes contain several experi- 
ments, the analysis of which justifies this conclusion, and we may refer io Experi- 
ment No. 31 (Remarks on Galvanometer Experiments) as an instance in point. 

W^e have never seen a diphasic variation such as to indicate negativity starting 
&om the distal electrode. These results are in agreement with those previously 
described under § V. (a). We have usually applied our electrodes near the base and 
near the apex of the ventricle, both right and left i we liave also apjdied them 
laterally to the right and left border of each ventricle. We have also examined the 
variations with an electrode on each ventricle, and with one electrode upon the 
auricle, the other on the ventiide. As regards all positions of the electrodes on the 
two ventricles, we have observed that the dipliosic variation is tlie rule by excitation 
near either electrode. Our observations go to show that the ventricular portion of 
the excised Mammalian heart is an indifferent physiological conductor of the excited 
impulses in all directions. There are in the ventricular mass no indications of 
directions of greater or less resistance to the passage of the excitatoiy slate. As 
regards the junction between auricle and ventricle, we have never seen any 
evidence of the passage of negativity in eitiier direction. When an oloctrode is 
placed on either auricle and ventricle respectively of the same side, and excitation is 
applied to either cavity, the result has always been a single variation indicative of 
negativity of the electrode applied to it. We have never obtained a diphasic 
variation, nor have we ever observed a diphasic variation with electrodes on each 
auride. These statements are based on experiments made after spontaneous contrac- 
tions had ceased, viz., half to two hours after excision of the heart. 

(6.) SpoTUctneous contractions.— As regards the electromotive changes with visible 
spontaneous beats, our results show no uniformity ; we can find in them no evidence 
eitiier for or against the results which we obtained by the graphic method. The 
direction of the deflection when the heart was connected with the galvanometer by 
base a-nfi apex was very variable, and indicated no regular origin or mode of progres- 
sion of tbe exdtatory process. We can say no more on this point than that out of 
62 experiments we observed N in 17 oases, S in 17, NS in 16, and SN in 12. 
Under these cireumstances, and in the antidpation that this difficult question may be 
further pureued, and the conditions of variety in results determined either by ourselves 
or by others, we think it best to place on recoi’d a tabular summary of our results 
(Table I), in the hope that the data therein consigned may prove to be of ftuther use. 
We intend to pursue this question in a future investigation. 
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§ VII. Electrometer Jnchcations. 

An exatnination by the electrometsr of the electromotive changes, as revealed by 
the galvanometer, is of obvious importance. The cspUlary electrometer of Lippmann 
gives indications which follow rapid changes of potential far more faithfully than do 
the of the galvanometer, whether “ dead-beat ” or fi’eely oscillating. We 

arranged our connections according to the following diagram : 



The heai-t is led off at A and B. By the two short circuiting keys, Kj and Kj, its 
ouiTent can be sent either through the electrometer E or through the galmnometer G. 
The cuirent is compensated from the battery and rheoohord B (its key is not repre- 
sented in the diagram). The electrometer E is fixed on the stage of a microscope, 
the tube of which projects into a daik chamber, and the image of the field of the 
microscope, with the capillaiy column of mercury, is thrown upon a sheet of ground 
glass, on which its movements can be observed through an apeitiu’e in the dark 
chamber. The movements of the electrometer are recorded, when desired, by 
substituting a travelling sensitive suiface for the ground glass, all light, with the 
exception of that passing through the capillary, being shut off from the plate by a 
screen in which a vertical sHt is cut. Our photographs, except where otherwise 
stated, were taken with a ^-inoh objective, and the image was formed 90 cm. behind 
it. We made use of sunlight for our photographs, reflected from the ordinary 
sub-stage mirror of tlie mioroscope. 

The movements of the mercury in the capiUaiy— advance and retreat are in to 
same direction as the direction of current; hence, when A is negative to B, the 
movement of the mercuiy is northwards in the field of the naicroscope, and, the coto 
being arranged to block the light focussed through the capillary on to the travelling 
sensitive surface, this movement appears on the photographic negative as 
projection into a darkened area; the reverse occurs if B becomes negative to A, and 

2 H 2 
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a black projection into a light area is recorded on the negative. Of course this is 
again reversed in the positive prints of such negatives. 

We did not, as in the case of the galvanometer, adopt only one mode of connection 
of the electrometer, but vai-ied it so that sometimes A was in connection with H 8 SO 4 , 
sometimes with Hg ; this we considered advisable, seeing that the movements of the 
capillary column do not take place with equal facility in both directions, but more 
easily towards than from the end of the tube. But, to preserve uniformity in the 
registration of our results, we give them as if the connection were throughout as in 
the diagram ; negativity of A is then denoted by a north variation, negativity of B 
by a south variation (appai'ent variation in field of microscope). 

(a.) Of spontane<yu8 contractions . — Our first trials showed at once that the 
readings of the electrometer agree with those of the galvanometer, but that, as might 
be expected, rapid changes are read by the former instrument which escape observa- 
tion by the latter. Thus, e.g., in Experiment 42 the spontaneous vaaiation galvano- 
metrieally was N, while eleotrometrioaJly it was SN, and in Eiqieriment 44 it was 
galvanometrically S, electrometrically NS. The superiority of the electrometer is not, 
however, fully made use of without having recourse to the photographic method, by 
which a permanent record of the variations is made. Whereas by the swuiging 
magnet or swin^g coil of a galvanometer magnitude and duration of electromotive 
changes, such as occur with action of the heart, are compounded and cannot be 
separated, their separate estimation by the electrometer is to some extent possible ; 
how far this is so we do not know, doubtless the curve described by the mercury 
nnluTTm docs ttot give the absolute course as to duration and magnitude of a very 
rapid electromotive change; different electrometers, or the same electrometer at 
different times, may have a different amount of deforming effect. This is, however, 

• The following key will be of service for the re&dxng of onr photographs : — 

With A to and B to Hg (as in diagram).— Jjf A heexmea negoiwe to B, tho meronry moves 

towards the end of idle capillaTy, i.e., northwards in the field of tho miorosoope; the photographic 
negatiye lahows a light projection into a dark area, the positive shows a dark projection into a light aroa. 
If B heexmeB negcative fo A, all is reversed ; the merc 5 tiry moves sonthwards in tho elootromelor imago, and 
the negative shows a dark projection into a light area, the positivo diows a light projection into a doak 
area. 

With A to Hg and B to H 3 SO 4 .— A hecomea negative io B, tho photographic negative shows a dark 
projection into a light area. If B heemea negative to A, the photographic negative shows a light pro• ** 
jection into a dark area. In all onr photographs the npper border of the figure corresponds with the 
north of the microscope field; the time-tracing is recorded at this border. In the woodonts, which 
are the reproduction of phoiographio positive prints, the lower border of the figure corresponds with 
the north of the miorosoopio field; the time-tracing is recorded at this border. The black portion 
of the woodonts reproduces blocking of light "bj the meronry oolamn, but in the woodonts il^orth 
movement of the meronry is represented by black projection towards the time-tracing, Sonth movement 
by white projection in the opposite direction. All photographs read firom left to right. Tho rates 
of movement of the sensitive snrfaoe are recorded on each plate. Their actual values are given with 
photos. 3 and 4. 
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out of our control : we can only submit to the critidsm of our readers examples, the 
. data of which we have obtained by its means. All these data have been famished 
by the same capillary tube. The review of these examples shows (1) that our instru- 
ment was perfectly capable of giving the record of diphasic variations,* (2) that in 
some cases only a monophasic variation is revealed. Our opinion is that Fact 1 is 
sufficient argument for accepting Fact 2 as a true indication of a single phase, and not 
regarding it as the compound indication of two phases. Our experiments showed us 

Photograph 1, 

. PIIPIIIIIII 

/ 

* imnnnrrgiw ntftuimtti i tt in w mtfgttginnnnnfwmiultMittitfyT 

Frog’s hesirt bpontanoonBly bsskting, sliowiiig aimouldT Yariditioii, followed by TentrioulaiT. 

Notb.— A ll photographs read from left to right. The rates of movement of the photographic plate are 
indicated on the plates themselves. Two rates were nsnally employed, the slower of about 1 mmute 
= *44 second, the quicker of ahont 1 minute =: *08 second. 


Photograph 2 



Shows double variation of spontaneously-beating Frog’s ventricle. 

The electrical phases are in opposite direction at beginning and at end of beat; first phase, base negative 
to apex ; second phase, apex negative to base. 

A simnltaneons record is made of the movements of a lever resting on the ventricle. (Apex to HjSO^, 
variation SN.) 

that a double variation seen by the galvanometer is also seen and recorded to be 
double by the electrometesr (Photos. 1 and 2) ; Ihey showed further, as we expected, 
that a variation seen as simple with the galvanometer could he shown to he composed 
of two phases when the electrometer was put in circuit instead of the galvanometer. 
The fact, however, for whidb our previous experiments had not prepared us, was that 

• We also obtained the diphasic variation of a single twitch of the Frog’s gsstroonomitis oxoited hy an 
induction shook. 
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the electromotive change accompanying the beat of the ventiiole is not alv^ays 
composed of two phases, it is sometimes expressed in its photograph as a single 
variation (Photos. S and 4). This then is the fact ; onr opinion concerning it is that, 
having regard to the i-apidiby with which the instrument may be shown to act to very 
brief changes in very rapid succession, the single variation observed under these 
circumstances is proof of a practically single and simultaneous change takmg place 


Fhotogi'apli 



Spontaneous Ywiations of Babbit’s ventride immediately after oxoiaion. Thoso aro in tbia cauo 
moxLopbasio, and sndi as to indioate that the apox beoamo negatiye to Uie base at ooob beat, (Apex 
to Hg. Variation H.) 

Photograph 4. 



Spontaneons variationB of Oat’s ventricle. These are monophasio, and indicate that the base beoomoB 
negative to the apex* The eleotromotive variations show diorotisixi which corresponded with the 
dicrotiBra of visible beats. Time post mortem 5 minutes, (Apex to Variation S.) 


throughout the ventride, and diq>roof, or at least j&ilure of proof, of the passage of 
a wave of exdtation in the contractile substance. Our previous experiments by 
mechanical and by galvanometrio methods had furnished the demonstration under 
certain conditions of the passage of a wave of excitation and of contraction at rates 
slow enough to be measurable, and the demonstrarion is confirmed by the electro- 
meter {diphasic votnation, Photo. ^). But our previous exp^ments by mechanical 
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and bj galvanometric methods had in manj cases failed to furnish this demonstration, 
and the failure is repeated by the electrometer (monophasio variation). The conclu- 
sion we draw from this is that in such cases the ventricles contitict in their several 
parts with a synchronism such that no evidence of wave as regards the excitatory 
process is obtainable by any method we have used. Whether the synchronism 
be absolute or not, we cannot say ; it does not affect the conclusion we are about to 
draw, viz,, that the excitatory diange must, under such conditions, be practically 


Photograph 5. 



Puppy. double vatiationa in Tentriole. The first is of a spontaneous oontraotion and indioates : 

first phase, apennegative; second phase, base n^iative; the second variation is caused by mechanical 
exoitatLon of the apex, and also shovs first phase apex negative, second phase base negative. The 
TT'anTiftnina.l to produce this contraction were three in number; the first two were 

ineffectusl, t.e,, produced no visible contraction, they are, however, visible upon the tracing, the 
apex negativity having been permanently increased by each excitation. Apex negativity remained 
permanently increased after the diphasic variation had come to an end. (Apex to E}S 04 . Yariation 
NS.) 

simultaneous in all parts of the ventricle, and that such simultaneity postulates the 
existence of nervous nbfl.nnelH of conduction. What are the conditions of the difference 
in the two cases 1 To this question we can only answer that we have, in general, 
observed ifee monophaaic variation during aa/i'ly momenta afi&r crcmon of the heart, 
the diphaaio variation auhsequently to these earlier momenta; more definite expres- 
sions we cannot use on account of the differences of individual hearts. We have 
farther observed more than once the diphasic variation to supervene upon the 
monophasio in one and the same heart, as time advanced, "without any alteration in 
the position of the electrodes (Photo. 6). A s tune ad.vances, however, a diphasic may 
give place to a late monophasio variation, which is, to our mind, suggestive of a 
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Photograpli 6. 



A BerieB of three jibiotojpwphB of TaadationB of a Dog’s hew-fc taken without moving the oleotrofloa. 

0, BLve minutes after death. The Taziation is monophasiO) indicating negativity of apex. 

fi. lorfy-five minutea after death. The variation is hecoming diphaooj first phase apex negarive to 
hasB} BBoond phaae base negative to apex. 

In some of tile variations the first phase ia much more marked than the aeoond, in others the second 
phase is the more mariced. 

If, Sixty minntea after death. The variation has become uniformly dipha8io> first phase apex negative to 
base; second phase base negative to apex, end the second phase is more marked than the first 
(Apex Yariation N and NS.) 
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different cause ; wliereaa we regard the early monophasio variation as the expression 
of local predominance of a change taking place throughout the whole ventricle, we 
think that the late monophasio variation is in reality due to local activity at and near 
one of the two leading-off electrodes ; this, indeed, is often demonstrable at this period 
by local excitation, which then causes contraction restricted to definite qwts. 

(6.) Exdted contraction . — As regards the excitatory variation, our results with 
the electrometer were entirely similar to those which we have already described with 
the galvanometer. The accompanying Table smnmarises our electrometer observations. 
(Table K) 

§ YIII. Conclusion. 

It would be superfluous to repeat, in summary, the facts relating to the mode of 
decline of .the excised MftTnTn.TJiftn heart which are described in the second, third, and 
fourth paragraphs of our paper. The extraordinary sluggishness of action, of which 
these showed us that the Mammalian heart is capable under the conditions of our 
experiments, tempted us to analyse as far as possible the mode and mechanism of 
cardiac contraction in Mammalia. 

In this direction the chief result, which we regard as established, is that on the 
Mammalian heart, under conditions mmilar to those in which the Frog s heart has been 
examined in this respect, the passage of an excitatory wave is demonstrable as a 
diphasic variation with the galvanometer and the electrometer, and that the passage 
of a corresponding wave of contraction is demonstrable by mechanical methods. 

As regards the Mammalian heart, neither of these facts have, so fer as is known to 
x\B, been hitherto observed ; as regai-ds the Frog’s heart, we have incidentally added to 
the filna piVAl phenomenon of the diphasio variation a demonstration of its mechanical 
aspect as a wave of muscular contraction. The similarity between the excised 
MlTwmn1i>m heart and the excised Batraohian heart is thus far complete. But there 
are points of divergence. Analysis of the spontaneous beat both by mechanical and 
by dectiical methods brings these into evidence. The diphasic variation of the spon- 
taneously beating Frog’s heart is uniformly indicative of negativity of base, followed 
by negativity of apex ; to this we add the statement that muscular contraction of 
base precedes, and is followed by, muscular contraction of apex. AE our experiments 
and measurements are thus confirmatory of the doctrine that the contraction takes 
place from base to apex, and that the wave of excitation and of contraction takes place 
by muffcnlnr nhanuflla. It is otherwise with regard to the Mammal heart. The variation 
is not always diphasio ; immediately after excision it is more frequently mouophamc 
and thereafter becomes diphasic. The movement of galvanometer and electrometer 
indicates for the monophasio variation negativity predominant either at apex or at 
base ; for the diphasic variation (when it is present) negativity of apex, followed by 
negativity of base, or the reverse. There is no constant rale, in fact, and we saw no 
use in further multiplying observations, seeing that we had to do with the irregulari- 
MlKXXJLXXXVn. — ^B. 2 I 
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ties due to an excessive susceptibility to local injury ; of such susceptibility we had 
abundant evidence i the delirium, which is so apt to supervene, is its extreme instance. 

We see no escape from the conclusion that the Mammalian ventricle is an organ 
not only controlled by nerves, but also co-ordinated as to the action of its several parts 
through intra-muscular nervous channels. A monophasic variation con consist only 
with simultaneity of action throughout the organ, or with the successive action of its 
several parts so rapid as not to be revealed by either ^Ivanometei* or electrometer, or 
with action confined to one part of it, or with action predominant at one part ; it is 
not consistent with the comparatively slow successive action of various paits of the 


Phofcogi’aph 7. 



Yari&tiozis accompoByis^ sponiajieous beats of Puppy’s ioart. The yariatioiis of Uio auricle are 
Tisible as small black teeth on the traoiiig, ajid it may fnxther be seen that the yariations of 
the yentriole axe in tvo instances monophasic, indicat ing negativity of apoz, and in three 
iimfimnAii diphflsic, ‘with first phase s= apex negative to base, second phase = base negative to apox. 
(Apex to Hg. Tariation of aoride S ; of ventricle N and ITS.) 

veiiiricle by muscular trauBmissiou. Subb simultaneity or approximate simultaueity 
"we tbinlr^ Only be effected by nervo\ia chaimels, aud that oonductiou by nervous 
fihfl.TiT>ftla jdays a port in. the simultaneous and co*orduuited action constituting a beat 
is supported by other considerations, by measurements of the rate of conduction, for 
instance, such as we have given above, and still more strongly, we thin k, by the 
deotroraeter seq^uance repeatedly observed by us when the heart is dying and its 
parts becoming evidently asynchronous in their action, viz., negativity of auricle, 
followed by negativity of apex, followed by negativity of base. This can consist 
only with the existence of nervous channels along which excitatory impulses have 
passed &om auride to the apex. (Photo. 7.) 

tlsaalLy it is not tOl several minutes have elapsed after excision that the diphasic 
variation is seen. It doubtless depends on the fact that with the slovmess of action 
a^chronism of acting parts becomes manifest, but whether we have to do with a 
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much retarded transmission from part to part along nerves or "with muscular conduc- 
tion is difficult to say vdth certainty ; the entire similarity of the wave with a muscular 
wave is, however, sufficiently obvious. Finally, when transmission can no longer be 
effected, the heart responds to local excitation by a monophasic variation which may 
be temporary — indicative of local discharge of action, — or permanent — vindicative of 
injury of tissue. 

No portion of our inquiry gave us more trouble and doubt than the results of the 
mechanical exploration at base and apex of the spontaneously beating heart. Almost 
without exception we obtained apparently movement at apex antecedent to movement 
at base. AH possible care was exercised, and we have given our results. We have 
been careful to say no more than that ** the movement of the lever resting near the 
apex precedes that of the lever resting near the base.” 

Sometimes the contraction of the apex was visibly antecedent to contraction at the 
base — exceptionally, the precedence was with the base. In the case of the Frog’s 
heart this was always the case. 

A desire to obtain the variation of the absolutely normal and unexposed heart led 
us to the exploration of the human subject with the following result, viz., auricuW 
followed by ventricular negativity anteceding respectively the auricular and ventri- 
cular events. We could obtain no evidence of a diphasic ventricular variation, and 
we have yet to exclude the possibility of the observed variation being caused by 
alteration of contact by the heart’s impulse.* 


• I have pii'iw aaoertamed that the variation on Man ia in reality due to an action onrreni, and. not to 
alteration of contact. The variation prooedes the cardiac impulse 5 it may also ho obseorved vrliBn the 
and foot arc dipped into two vessels of salt solution ooimeoted with the electrometer. Under these 

citoumBtances the variation is still observed preceding the cardiac impulse.— A. W July 6, 1887. 


2 I 2 
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Table A.— Cat’s Heart. November 30, 1886. Decapitated 3.2 p.m. 

Eecord starts 3.3 p.m. 




ACTION or THE EXCISED MAMidALIAN HEART. 


Tat>t.ti! B. — Cat’s Heart. December 2, 1885. 


Minnies p if. 


Number of beafa. 


Mlnates f m, 


Number of beats. 


16 

8i-9i 

15 

14 

9H0t 

18 

loi-iii 

12 

12 -13 

11 

13i-14i 

9 

9 

14^-15^ 

16i-16i 


17 -18 

6 

18i-Wi 

6 

19i-20it 

5 

20j-21| 

4t 

4 

22 -23 

4 

1 
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Table 0. — Table showing Beneficial Effect of Pause. 


Htunber of ilie 
contzBctdon* 

Heiglit. 

Interval. 

# 

ITiijnberof the 
conttaciion. 


Interval. 

1 

25 

aeeonds. 

9 

10-8 

14 

njilliins. 

13 

MCOudB. 

18-75 

2 

14 

15 

175 

19 

3 

19 

lS-6 

16 

14 

4*3 

4 

16-6 

12-3 

17 

9 

30-3 

5 

17 

16*6 

18 

20 

140-21 

C 

17 

17-6 

19 

16-5 

84-15 

7 

17 

1 

16-2 

20 

17 

21-60 

8 

16 

21 

14 

7-6 

29'25 


9-5 

9 

22 

30-9 

22 

60-9 

17 

10 

18*6 

70-6 

23 

288-2 

11 

21 

100-65 

24 

15 

11-25 

12 

19 

6-45 

25 

9 


18 

9-5 

6-25 





Table D.— Babbit. December 4, 1885. Auriculo-ventricukr Block. 


Hinntei FiX. 


8- 6 

All anriotilar oontraoilonB pass over. 

6-12 

Breiy other one passes over. 

12-14 

Svesy 8rd-4tb passes OTer. 

14-15 

Every 4th.--6tb passes over. 

15-16 

Ereocy 8th-10th passes over. 

17-18 

Ereiy 8th-10th passes otst. 

18-19 

Every lOth passes over. 

20 

Every 16th passes over. 

After 22 mmuteB none get oyer. 

The bbok inoreaees retrj rapidly after about 14 nunnteB P.x. 



AOTIOH OP THE EXCISED MAMMALIAN HBABT. 
Table E. — ^Table of Latencies. (M’ftTn ma J ia n Hearts.) 


Time p.v. 


Latent time. 


Length of 
oontraeUon. 


1885, 
Nov, 27 . 
Nov. 28 , 


Nov! 30 


it 

Dea 4 


Deo. 4 
Deo. 5 

Deo, 5 


Deo. 8 


Deo. 9 


Deo. 12 . 
Deo. 14 . 

”l886' 
Jon. 1 


Jaa. 2 
Jaa.7 


Jaa. 22 


Peib. 5 . 

Peb’e '. 

Peb”9 '. 
Maroli 1 . 
MaroblS 


Babbit 

Babbit 


Babbit 

Xittea 

Babbit 


Babbit 


Babbit 
Oat . 


Elttea 


mbmiea 

11 

60-5 

62 

63-6 

65 

66-5 

68 

69-5 

25-6 

27 

SO 

27-6 

32 

Later thaa 45 
11-6 


leeonda 

•25 

■45 

45 

49 

■45 

■6 

■45 

'6 

•S 

■45 

•6 

•27 

■45 

■5, '6, aad ■87 
2 ^ 


Sbeep 
Babbit 
Dog . 
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Table F.— Rate of Wave in Excited Beats of Veutricles. 


Anlxnali 

Time after death. 

Bite of WATe 
per Becond. 

Bomnrks. 


minutea 

friTnft. 


Oat ... . 


40 

Yide ti-aciiig 9. 

Babbit . . . 

5 

864 


Kitten . . 

11 

oc 



21 

1200 


Cat ... . 


1200 


Doer .... 

2 min. 30 seo. 

857 

Tide tracbig. 

Oat .... 

14 

272 

Prom base to apex. 


12 

218 

Fi*om apex to baao. (Latency = *4 boo.) 

}) , • • . 

18 

54 

From apex to base. 

dI® . . . . 

10 

9 

cc 

295 

From apex to base. 


10 

369 

From bMe to apex. 

ss . • • • 

12 

378 

Strip of right ventricle. 

^ J » • 

13 

284 

19 99 

15 . • ■ • 

14 

252 

99 » 

15 * ■ • • 

24 

142 

9) 39 

51 * * * * 

26 

75 


5> • « • • 

10 

367 

„ „ V«Ze traomg 10. 


12 

812 

>9 99 

55 • • • * 

22 

1 

189 

99 99 

Frog .... 


70 




91 

Vide tracing 14. 



70 


'1 • * 


30 


51 * • * ■ 


44 


55 • • * • 

• • 

88 



Table 6. — ^Wave of Contraction in Right Auricle of Dog. 


Timep.ic. 

IBxcitation. 

Bate of wave 
per Becond. 

Length of 
contraction. 


mlantes. 

33 

35 

36 
37-6 

B 

A 

B 

A 

nuns. 

45 

32 

26 

24 

Meonda. 

2 

2-86 

2-8 

2-8 


60 

A 

14 

4 

/ Traoing 11«. Dog 

1 Temp. 12" 0. 

5 

B 

25 

•• 

Oat. 

41 

B 

18 

2 

Traoing 11/3. Dog. 
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Table H. — ^Bate of Wave in Spontaneous Beats. Mammal. 


Animal. 

Time P.V. 

Rate of wave 
per Becond. 

Lever risdog 
firat 

Remarks. 


nuimtefl. 

mma. 


A>B 

Bjabbit . , 

4 

450 

A 


4-18 

oc 

s 

A slightly precedes B, where A > B. 


15 

1395 

A 

A>B. 

Cab .... 

3 

1000 

A 

A = B. Tracing 13. 

3 

2400 

A 

A >B. 

Plabbit . . 

3 

1000 

A 

A >B. 

Oat . . . 

2, 4, 5, and G 

a 

= 

A = B. 

Kitten . . . 

2, 3, 4, 5, and 6 

oc 


A = B. 

Cat . . . 

5 

1200 

A 

A > B. 


a 

=: 

A=B 

u • ‘ • 

2 

400 

A 

A>B. 


4 

a 

— 

A=:B. 

»> ■ * * 

4-5 

oc 

= 

A>B. 

Dog . . . 

Cat .... 

1 

1200 

A 

A< B. 

2 

2400 

A 

A > B. Tracing 12. 

9 

4)44 

A 

A<B. 

J> • 1 • • 

• * * 

4 

300 

A 

A< B. 


4 

600 

A 

A<B. 

I)og . . 

Sheep . . . 

Dof. . . 
Qumea-pig . 

4 

2400 

A 

A > B. Duration of contraction ’13 sec. 

4 

80110 

A 

3-4 

2320 

A 

A > B Duration of contraction 3C sec. 

2*5 

900 

A 

A>B. 

Cat .... 

4-5 

400 

B 

A > B. 

Kitten . . 

5 

Sf'O 

B 

A = B. 

Cat .... 

5 

1875 

A 

A > B, 


Hate of Wave in Spontaneous Beats. Frog. 



76 

B 

1 



35 

B 




40 

B 




20 

B 

Ti-acing 15. 



12 

B 




90 

B 




100 

B 




100 

B 




lOU 

B 




79 

B 




138 

B 



Koii. 


ill 

<bJ 


A>B 
A 
A 


Signify that the carve of the apex lever vras higher than, equal to, or leas thau that 

of ihe hase lever. 


2 K 
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Table I. — ^Abstract of Galyanometer Expevimonts. 


r 


E\peri- 

ment 

Rate. 


P.V. 

Spon- 

toneotiB 

boats. 

1 

1883 
Oct, 31 . 

Cat . . 

2hre. 15' 

N 

2 

RTov. .^0 . 

Gat . . 

1 hr. SO' 

N 

3 

Dec. 2 . 

Oat . 

1 hr. 15' 

% « 

4 

Deo. 3 

Cat . . 

45' 


6 

Dec. 4 . 

Rabbit . 

1 hr. 16' 

. . 

6 

7 

' 8 

Deo. 4 . 
Dec. 4 . 
Dec. 14 . 

Oat. 
Rabbit. 
Cat . . 


N 


I 


Apex 

eYcitaliozL 

Baso 

excilabio/L 

Roinorcti- 

lion. 

Tunc P.H. of 
ie!*iHtorod 
(ieiuaruation. 



N -002 II 

00' 

N 

s 

•0032 u 

i)3' 

»S 

8 

B 

15' 



N-013CU 

GO' 

N 

N 

S 





_ 


BBMiEKS TO GaLVASOUBTBE 3!lXPBBIUBST6 OB TaBI-B I. 

Eeperimmt 1.— Oar fii-st observatioii was modo upon the heart of a Oat, which 
chloroform 2 hrs. 16 mica, previonalr ; wo were looking for tho offoota of injnry upon ita B.M.B., amt 

- 1 1. <«rna«j4vfiATta wUlrtll n.i'nnTTinftTi V fclin nOlMtinl 



Experiments - — EJletitrotlo A was at apox c , — V'“: ,• j -i mi,. 

Experiment 6.— Tbe domiiMaiion cuiTout was suoli as to ludicaUi iiogativity at apox; ib rapuuy 

diminished &om the moment when it was modo. rn\fn nr 

1 hr, 10 T>nTiQ post morfcoia the demarcation oun'cnt was . • . 'OOiiui) a 
1 hr. 30 mms. post moi*tem „ „ • • 

Bection at apex now caused it to liso to 'Oi Ji-D 

A few nunntes later it stood at . * ‘OlMo 

And a section at the base rednced it to . 'OltfoD 

The ininiy variation *waa thns considerably greater at apex than at base. j -ui 

The excitatory variations were nnsatU&otory, showing groat want of tuiiformity, portly due, no doubt, 

to flhifl^g of oontaots, i 

Spontaneous variations were observed 1 hr. 20 mins, post mortem, thei-e being at this time no traoo 
of visible movement of the heart; they were subsequent to thenaial excitation, 

EsBvermmt 6.— Oat’s heart. 3 hrs. 21 mins, post mortem. Bleotrodos applied to bwo and apox woro 
iso-eleotrio ; section of apex gave a N defleotion of '0036 D, Tho on 1/11*6 heart was in rigor, and wo 
could not satisfr ourselves that excitation had any effect. 

Experiment 7.— Rabbit’s heart. 5 hrs. post mortem. Tho loft vontriolo was in rigor, ^ the right 
ventnde flaccid ; electrodes on middle of right and loft ventricle roapootivoly showed no (lilTeroneo of 

potential, , xr 

Apex and base of right ventricle gave a current of 'OOllb R. On loft ventnole a ourroni of ’000160 N. 
Section of apex of left ventricle inoreased this to 'OOlo If. 

Section of base converted it to '0240 S. 

On the light ventricle section of apex inoreased current from 'OOllo to '016 d N. 

Experiment 8. — The demarcation current was such os to indicate negativity^ of ^ base, via., S ; all 
VEriotionB spontaneouB, excited from apex, or excited from base, gave a variation in the same senso, 
via., R, whioh V 7 e could not attribute to shifting of contacts. ^ 

Section at base gave a small S deflection in comparison with a librgo K defl.eotion caused by sootion at 
apex. It is aJlow^le to conclude from the original direction of tlie demaroation omnrent that tho base 
was more injured than the apex at the commencement ; this is confirmed by tho ofEoots of sootion at fcho 
two points, the effect being greater at the apex than at the base. 

As regards the excitatory variations, the results are paradoxical, but intellimblo on tho supposition 
that the exoitatory variation is manifosted hy the leas injured part alone, viss., in this ca^ the apex ; and 
upon this supposition it is intelligible that the spontaneous beat should have given a similar variation. 
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Table I. — ^ALsfcract of Galvanometer Ezpei-iments — (continued). 


Experi- 

menc. 

Date. 

Aidinal. 

p.3r. 

Spon- 

faneons 

boats. 

Apex 

exuiiation. 

Base 

ovcitatioD. 

Demarca 

tion. 

Time p,ir. of 
le^i-stered 
domorcation. 

9 

1885 
Dec. 14 

Kitten . 

0-1 hr. 80' 

N 

s 

s 

N before 




« • 

(After 

excision) 

s 

s 

excision 

S ‘0344 D 

120' 

10 

Dec 16 . 

•t 

Kitten , 

1* 

(Position 

N 

S & uS 

N 

NS 

N 

SN 

N lief ore 
excision 
S *0005 

. 

11 

Dec. 17 . 

Etten . 

of elec- 
trodes 
altered) 

1 Later 

1 

1 

SN 

N 

NS 

S 

Iso- 









electric 



9 — Stiinnlus, with heart in aUu, whether at liase or at apes, gave S deflection; the 
demarcation current at the time showing apex to he most injured ^ 

After excision the demarcation current was reversed and equal to *03440 S, and stiH excitation, whether 
at base or apex, gave S deflection. 

The first part of the experiment showed very clearly the persistence of spontaneous electromotive 
variations after the complete cessation of visible beats; the effects of excitation are poindoxical, and we 

cannot explain them. * . i. 

JSxpemnent 10. — ^Etten heart in body almost iso-oleotrio ; apex slightly negative to base. 

Heart excised. Demarcation *0005 d S. 

Spontaneous variation ; base and apex excitatioii alike gave N. 


Position of electrodes was filtered from 



Spontaneous beats are now S and occasionally /tS 
Base excitation gave SN. 

Apex excitation gave NS. 

Later , — Base excitation gave S. -r . - •» a 

Apex excitation gave N, and injury near A gave permanent defleolion N, injuiy near B permanent 

deflection B. j i 

The first port of the experiment, t.c., with the electrodes m the first position, was paradoxical, but 
intelligiblo upon a supposition similar to that made in case of Experiment 8, viz., that the excitatoiy 
variation is pre-potent at the loss injured part, in this cose nearer to the apex. ^ ^ • • a-u 

The effects observed in the second position of the electrodes do not contradict this supposition ; 
are obtained upon the poriion of ventricle which is presumably least rumoved from the normal, and the 
results of excitation confoim i^ith the nonnal course of the excitatory variation which takes place in the 
stanniused lfrog*a heart j it was the first instance which we observed of a regular dipha^ variation 
indicative of the passage of the excitatory siUite from B to A or from ^ to B. Tbe direction ot ^e 
spontaneous variation in this case is such as to indicate that the negativity is most manif^t at B, tot 
that it is first manifested at A. It is probable that we have to do here with a weak first and an intensified 
second phase of a diphasic variation preceding firom A to B. ■. / 

Larntyrimefit 11.— Spontaneous variations are such as to indicate an excitatory change (negativity; 
commencing at B and terminating at A. Excitation at A gave the reverse effect, viz , a diphasic vari^ 
tion NS. "We attempted to follow the variation by the rheotome on this ease, but met with the aimcnlty 
that we were unable to obtain unfailing efl’eots with short intervals between succesaive excitation, and 
that the prolongation of the experiment allowed of a too considerable decline of excitability for it to be 
possible to take observations with severel positions of the rheotome. The necessity lor atowmg 
oonsidBrable intervaJs between test excitations was a notewoi-tliy feature in all our ^periments ; ihs 
refractory period of excitation appears to be gi'eatly prolonged in the excised Mammoli^ heari;. 
these reasouB, and also because of the difiiculty of knowing beforehand what intervals and what periods 
of closure to adopt for rheotome investigation, we did not pursue our expeiiments with tliis instrument. 


2 K 2 
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Table L— Abstract of Galvanometer Experiments — (continuerl). 


Experi- 

ment. 

Data 

Aniinal. 

F.V. 

Spon- 

lanuoiifi 

beats. 

Apex 

exoltallou. 

Ba9d 

excitation. 

Bemarca- 

tlon. 

Time P M. of 
roL,isioiod 
demari'atiou. 


1886 





SN AS 

NP 


12 

Jan. 2 

Cat . . 

30' 

S&SN 

NS AN 




Later 

NS 

NS 

SN 



13 

Jon. 4 . 

Cat ! 

80' 

tiS & s 

NS 

S 



14 

Jan. 5 . 

Cat . . 

6'-30' 

s 

NS 

s 



If 

15 

IS 

Jan. 6 . 

SS 

Cat 

1 hr. 

ss 

s 

S 

NS 

SN 



16 

Jon. 6 . 

Oat . . 


s 

NS 


N 


17 

Jan. ? . I 

Oat . . j 

•• 


NS 

s 



ezcitatorj effootfl, viz,, diphasio vanationfl according to the point or exnitatiK^ ; in tne Becona nait oi uiio 
first hour lye noticed that, whereas a stronger stimnlns was still capable of giving typical diphasic varia- 
tions, viz., N'S by excitation ab A, SNby excitation at B, a weaker stimulnH gave only a single vanation, 
viz., N by excitation at A, S by excitation at B Presumably, the excitability was not Car removed from 
nniformity, and with this agrees the foot that the two contacts wore pi^actioally iso-olcctrio. The 
spontaneoas beats indicated the passage of an excitatory ohango from B to A. 

Later, in the second haif-honr, the excitatory effects continued uniform, viz., NS by excitation at A, 
SN by excitation at B ; the noteworthy point during this period was the appoamnoo oC spontaneous 
variations NS ; these wei*e not properly spontaneous, but consoq^uont upon oxiutation, each stiniuliiH at A 
giving not merely one variation NS, but a series of two, throe, or more such variations at inter va Is. 

JEIxperiment Id. — ^This agrees with the supposition ■iiat the apox is more injured than tliobiuac: wo 
omitted to take the demarcation current. 

^xperiTfient 14 — The above remark applies to this experiment during tlio first halMiour. 

Experiment 15. — Our results are compatible with the supposition that A is wui*m.or than B, and that 
the excitatory variation at B appears twice. 

Out attempt to reproduce the effect by warming B or cooling A foiled. 

Bxperimmt 16.— We tried on this heart the ^ects of thermal injury, bringing a heated point near 
the apex; it ^ve a variation S, viz., apex positive; thermal injury near the base gave an N valuation, 
t.e., base positive ; these anomalous resultfi we afterwards found to be due to thermooleotrio currents. 

Ea^erimenb 17. 

Oai^B heart. — Galvanometer observations begin 25' post mortem. Apex to N screw of galvanometer. 

1. Blectrodes on left ventricle. Demarcation current N. 

Apex excitation NS 

Saee „ S 

Apex NS 

Base ,, S followed by deHrium. 

Weah c^ex excitation N only. 


Apex excitation . . 
Biffht ventricle excitation . 
Base excitation . . 
Base „ . . 

Apex „ . . 

Base ,, 

Weah hose excitation . . 
Strong lose „ ... 

Apss excitation. . 
Both auricles excited . . . 

n. Bleotrodca on right ventricle 
Apex excitation. . 
Bom „ . . 

Apex „ . . 

Rflwa 


no el eot. 


no effect. 


8N foUowed 'by delirinm. 

NS 

SN 
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Ta-rt.v. I. — Abstract of Galvanometer Experiments — (contiaued). 


Expori. 

nuiut 

Bate. 

Animal. 

P.M. 

Spon- 

taneous 

beats. 

Apex 

excitation. 

Bale 

excitahon. 

Demarca- 

tion. 

Time p.ir. of 
loKi^tend 
demarcation 


1886 








18 

Jan. 15 

Oat ■ . 


s 

s 

S 

N 


19 

Jan. 15 . 

Cat . . 


SN 

NS &N 

S 



20 

Jan 18 . 

Do{f 

2 hrs. 

NS 

N 

s 

N 

120' 

21 

Jon. 22 . 

Oat. . 

6'-15' 

BN 

NS 

SN 

S 

6' 

22 

Jan. 22 . 

Gat . . 

8' 

SN 

NS 

SN 



23 

Jan. 27 . 

Dog . 

1 

o 
1— 1 

, , 

NS 

S 

N 

10’ 

24 

Jan. 28 . 

Dog. . 

2' 

N 

N 

SN 



25 

Jan. 30 . 

Dog . . 


N 

N 

SN 



26 

Feb. 5 . 

Cat . 

25' 


N 

S 



27 

Feb. 9 . 

Sbeep . 

, , 

, 

NS 

SN 

N ’012 n 

26' 

28 

Feb. 12 

Rabbit . 

25' 

S 

NS 

S & SN 




NS 

SN 

S 


Experiment 17 (continnod). 

iSpontonaoiu beat * ■ 

Base excitation . . . . • • ■ 

Base „ ' ‘ ' 

1 hour post mortem excitatory effects uncertain. 

Injury at laae ... ... S 

Injury at , 

Change caused by apex injury less than that caused by base injury. ^ 

JSa^eriment 19.— We noted that 15 mins, post mortem the spontaneous Tarnation ttss KJN , at mins. 

post mortem it was N. .. a ^ u.- • • 

21— We cooled this heart by placing it in a vessel sumunded by melting loe; m 
course of cooling we obaerred the following effects of excitation at A ; NS, NSN, N, and nothing, a he 
variation NSN w compatible with A cooler than B ; the variation ST is due to the excitatory process not 

23 —These effects are compatible with greater injury at apex than at base. We tried the 
effects of excitation with the electrodes on the two borders of the left ventricle, and obtained by excita- 
tion near N the variation NS ; near S the variation SN. ^ ^ ^ 

On stimulating midway between N and 8, we obtained no appreciable variation. 

On exciting nearer to N, we obtained NS ; on exciting nearer to S, we obtained SN, 

Similar effects were obtained on the right ventricle. 

Spontaneous effects wein now observed N, N and S being on apex and base. 

Apex excitation gave N. 

Base excitation gave SN. , , t w 

Later (66 mins post mortem) we observed spontaneous vacation SN on the Li.V . 

59 mins post mortem we observed spontaneous variations on the B.Y., N ; on the L. v., S. 
Bxpenmeut 24.— Tested laterally on the L,V., we obtained from excitation near A a variation NS, 

from excitation near B a variation SN. , ./x . . t • ^ 

With A and B at apex and base of E.V., we obtained, 2 hours and 20 mins, post mortem, a senes of 

spontaneous variations SN. jsai 

Experiment 26. — We took the spontaneous variation leading off from the :^ht tod Im boraers or the 
L.V., left border to S electrode, right border to N dectrode, and obsei-ved it to be SN; tbis vanatoon 
indicates negativity, beginning on the left side, ending on the right side. , , m • i 

2J hours post mortem, spouttoeous beats NS were still appairent, the R.Y. bomg led off in the uaual 

manner from A and B. _ , ^ j.i 

Eaperme^ 26.— Extreme susceptibility to injury ; the slightest touch gave permanent deflections ; the 

current of iniuiy was *014n. , _ t ^ t tt 

EssDeriment 27. — Tested laterally, A being on the right border and B on the left^ border of the L.Y., 
we obtained, by excitation near A, NS ; by excitation near B, SN ; spontaneoim wnahoi^S. ^ 

On the R.Y., laterally, wo obtained similar effects by excitation n^r A and B r^pectively, to , No 
from excitation of A; SN from excitation of B. Sponttoeoos variation was NS, A bemg on the left 
border, B on the right. 
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Table L— Abslrnct of Galvanometer Expenmeuts— (contimiocl). 


Bspeii- 




Spon- 

Date. 

Animal. 

P.U. 

taneonn 

lacnt 

« 

boats. 


Apci RftM! Boinawiir 
o'.cilaiiAn. ovciUtitm. Hun 


Time p.h. of 
ri'clhtvnMl 
dmiarratiuin. 


1886 

Eeb. 12 . Dog . . 

Feb. 13 . Oat . . 
f eb. 15 . Dog . . 
Feb. 18 Dog . 
Feb. 22 . Cat . 

1) 11 
Feb 25 Gniiion- 
pig 

Feb 26 . Cat . . 
Feb. 27 . Babbit , 


0' SN NS 

8' S«S 

38^-45' .. ^TS 

SN NS & N 
20' N &NS N40'p.ar. 
S LV N 

N EY NS 

NS 


SN S 
SN 

SNS N -010 n 
N 

S N ’0388 i> 


JExperhnent 29. — THediiof peculiaiity in tliia expci’iment ■waa iho varying chiiraotorof tlic Hponfianooiis 

voriatnm; "we noted it as SN, N, NN, NS SN, and NS -i.i i -i -n , r 

JSxperimetd 30.— With lateral position oE elocti'odos, A honig on tlio light horuor and I> on ino uJt oi 

L.V., spontaneouB beais gave SN. ^ ^ 

On tte right ventriolo with samo disposition, the saino, SN. 

Exdtation near A gave NS. 

Excitation near B gave SN. 
jEscperimpfit 31. 

JDog —Decapitated 1,10 p m Ap?x to N screw of gulviinonK‘f or. 

I. Eleotxodes to hafo and apex of hft ich. 

f^lwntaneouB beats SN 

Base excitation . . . . S 

iS)3on/a«eoie9 boats ....... SN J.-O 

Apes excitation . . . • NS and N i*2*y 

Base „ .... . SN 


n. Mecfrvdta laterally plac(^i. N electrode to right border ; S to left border. 


Excitation near S electrode . . 

„ N „ . . . 

in. Electrodes laterally placed on HgJU ventmle, 
border. 

Excitation near S electrode . . . . 
IV. Electrodes to base and apex of right vmtriclp 

Apex excitation 

Spontaneous beats 


N electrode to loft bordoi'j S olootrodo to right 

S 1.35 

N elecii'ode to base ; S olocti'odo to apex. 

NS and N 1.47 

N 

NS 1.S3 

N electrode to right boi’der; S olootrodo to left 


SSS followed by SN. 

N followed by NS. 

NNN followed by NS. Titno, 3.15. 

Xl 


V. Electrodes laterally placed on left ventricle, N electrode to right boi’der ; S olootrodo to loft 
border. 

Excitation near S electrode .... SN 

„ N „ , . , . NS followed by 

Spontaneous NS 

Excitation near S electrode . , . . SN followed by 

Spontaneoas SN 

Later. 3 p.m. 

Excitation near S electrode .... SSS followed by SN. 

„ N „ . . . . N followed by NS. 

„ N „ . . . . ^ NNN followed bjr NS. Titno, 3.15. 

BirperjmeHt .32. — W e toot the excitatory variation in the excised right anriclo. Excitniiou near A gave 
NS, excitation near B gave SN. We attempted to follow the effocte of local heating of base and ajwx, 
bat without result. 
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Table I. — ^Abstract of Galvanometer Experiments— (continued). 


Ei> pen- 
meat. 

Bate. 

Animal. 

P.M. 

Bpon- 

laiiwOii% 

hea 9 . 

Apex 

excitation. 

1 

Base 

exultation. 

Deniarc*! 

dun. 

Time rjf. of 
regibteied 
denial cation. 


1886 








37 

March 1 

Rabbit . 

. 


N 

S 

N 0112 

14* 

88 

Mai-ch 2 

Rat . . 


. 

N 

s 

N -OdO 


39 

]\Iarch 8 

Kitten . 


, , 

N 

s 

8 


40 

March 8 

Kitten . 


s 

NS 

SN 



41 

Mareh 8 

Kitten 

• 

NS 

NS 

s&si/s; 

1 ? 


42 

March 15 

Dog . 

1 

N 

NS 

s ' 

S 


43 

March 20 

Dog , 

. . 

. . 

NS 

s 

1 ® 


44 

March 2(i 

Rabbit 

. . 


NS 

s 



45 

March 27 

Cat. 





1 


46 

June 6 . 

Dog . . 


s 

NS 

SN 

1 N 

1 



JBx^erwnent 4A furnished us with, good data for the cotnpiu’ison of galvaiiometrio with eleotrometrio 
indioations. The electromotive change Siccompanying the spontaneous beats was galvanomoia’ically 8, 
eleotrometrioally NS ; the latter we take to be the correct expression of the aotnd change- it proves 
b^ond a doubt that the excitatory change (negativity) manifested itself at apex nnd then at base. 
When we shifted the electrode B to the auricle, winch wab giving two, throe, or four beats to one ventn- 
onlarbeat, the electrometer showed a small South vanation, con'espondmg to each beat of theaunde 
alone, followed by a lai-ger double variation North-South with each ventiiculiir beat. On moving electrode 
B to its oriffinal position at the base of the veiitricle, the auiicular boats caisod to aifeot the electinmeter. 
The result 'obtained above we regard as most signihcant: it shows auricular negativity, followed by a 
bipbadc ventricular negativity, at apex first, then at base; and it proves beyond doubt that the trans- 
mission of the excitatory state tabes place, othei-wise than in the Frog s heart, probably by nervous 
obannela. If the exoifeatory state had mssed from auricle to ad jac'ent part of the ventricle, and thence to 
the apex by muscular continuity, its B.M. expression would necessarily have been a diphasic vanation 

Sonth-North. ^ . v 

EjBperimeni 45.— The spontaneous vnaiation immediately after excision was hovth, i.e., base negative ; 
the excited variation was Norih-South with excitation of apex, South-North with excitation of base. 
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ON THE ACTION OF THE EXOfSED MAMMALIAN HEART. 
Tabus K.— Absti-act of Electrometer ObserTutious. 


No of 
experiment. 

Animal. 

SpontaneonB. 

Apex 

ezoibation. 

haso 

ezoitation. 

Bomarks. 

42 

Dog . . 

SN 

NS 

s 


44 

Habbit . 

NS 

NS 

SN 


46 

Cafe , . 

s 

NS 

SN 


46 

Kitten . 

N and NS 




47 

Rabbit . 

N 

. . . 

• ■ • • 

Vide Photo, S. 

48 

Rabbit 

N 




49 

Oat . . 

NS 




50 

Pappy . 

NS 

NS 

s 

Lateral excitation. Noai’ N olootrodo N tS. 






„ s „ SN. 

1 51 

Dog 

S 




1 52 

Pappy . 

bN 






<N 




11 

6.3 

Pappy . 

NS and N 

. . 

.... 

Vide Photo. 7. 

54 

Pappy . j 

SN 




55 1 

66 

Pappy . 
Rabbit . 

N 

'S 

m 



1 67 

Poppy . 

'n 

• • • • 

• • • ■ 

Vide Photo. ()o. 

1 ^ • 

1 

* %« 

1 JTi^ 

11 * 

NS 

4 ■ > * 

« • • • 

Vide Photos. C/3 anil O 7 . 

68 

Dog . . 


N 

SN 


59 

Pappy . 

NS 

NS 

. . • ■ 

Vide Photo. 6 . 

60 

Cat . . 

S 

• , . 

. . • • 

Vide Plioto. 4. 



NS 

NS 

s • 


11 

61 

Cat . , 

S and SN 

NandNaN 

SN 


62 

Rabbit . 

N and NS 

N and NS 

SN 


63 

Cat . . 

SN 

NS 

S 


64 

Cat . . 

N and NS 

NandNeN 

SN 

Lutcml oxcitation 



alternately 



SonR.V. Raj— SK. 





1 

NouLY. Nflj— NR. 
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XI. Studies on some New Micro-organisms obtained from Air. 

By Gba-CE C. Franklaot) and Perot F. Fbantclato, Ph.D., B.Sc. (Bond.), 
F.C.S., F.LG., Assoc. Roy. Sch. of Mines. 

Communicated by E. Rat -LANKBaTEE, M.A., F.RB., Frofessar of Zoology, University 

College, London. 

Beceived Pebraaiy 16, — ^Read March. 8, 188?. 
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In some papers on the micro-organisms present in air, previously communicated to 
the Eoyal Society by one of us,'^ the relative abundance of microbes in the air of 
diflferent places has been called attention to and the methods of experiment fully 
described. As these investigationa were carried out with the aid of solid nourishing 
media, we were able to obtain a collection of pure cultivations of a number of micro- 
organisms derived directly from the air. It appeared to us, therefoi-e, desirable^ to 
utilise the opportunity which these experiments furnished for minutely characterising 
some of the prindpal forms which, axe thus obtainable from the atmosphere. There 
are many reasons which render it of importance that the task in question should be 
undertaken. Thus, in the methods of cultivation employed by bacteriologists, the 
experimenter may at any moment be brought face to face with organisms from the air 
which have accidentally contaminated his cultivations, and it is obvious, therefore, 
that an intimate acquaintance vrith the various forms which may thus invade culture- 
media must be both of interest and importance to all practically engaged in experi- 
ments on micro-organisms. 

It is not unnatural that the brilliant discoveries in connection with the etiology ol 
infectious diseases should have absorbed the lion’s share of the attention of investi- 
gators in the field of bacteriology, and that the non-pathogen ic organisms should bivo 
come to be regarded as comparatively uninteresting by the side of their more formid- 
able brethren. It must, however, be remembered that the functions of the uon- 
pathogenio organisms in the economy of nature are as yet but very imporfoctly under- 
stood, and that as far as these functions have been investigated they do not yield hi 
point of importance to those of the most virulent pathogenic forms. 

Thus the conversion of sugar into alcohol, the decomposition of nitrogenous organic 
matter with elimination of ammonia, the oxidation of ammonia to nitrous and nitric 
acids, besides many other natural transformations which are effected through the 
agency of such micro-organisms, are certainly not second in importance to the results, 
terrible as they often are, achieved 1^ the pathogenic forms. The organisms producing 
the above-mentioned changes are known to be present in the air, and there can be 
little doubt that the numerous other aerial varieties will in the future be found to 
discharge important duties in the laboratory of nature. 

The exactness with which bacteriological research can now be carried out, thanks 
to the beautiful methods of cultivation which have been developed during the past 
six yeciis, renders it imperative that all future investigations on 'the chemical and 
physiological action of miGro-organisms should he made with specific organisms and 
not with mixtures, as has so often hitherto been the case. On this account the 

* “ Tha Distnbafcbn of Mioto-orgaiuEmaB in Air,” ‘Boy. Boo. Proo.,’ vol. 40, 1686, p. 609. 

“ A New Uefbod for tlie Qaantitative Istimaiion of the Hioto-organisiqB present in the Atmosphovo,” 
ibid., vol 41, 1887, p. 443 ; ‘Pliil. Trans,’ 1887, B, p. 118. 

“Forthar Experiments on the Distribution of Mioro-organisma in Air (by HeBas's Metliod)," * Boy, 
Soo. Proo.,’ toL 4^, 1887, p. B67. 
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first step in investigations of this kind must consist in such coreftil deHneatlon of the 
characteristics of specific organisms that their identification may be readily 
accomplished. In this way it may with confidence be anticipated that the particular 
chemical and physiological properties of each specific organism will in the future be 
elaborated, as has been done in a few cases already. It has been especially v ith this 
object in view that we have undertaken the task of collecting from the air a number 
of different varieties of micro-organisms, and, after isolating and obtaining them in a 
pure state, to carefully delineate the oharacteiiatic appearances which they present, 
both under the microscope and when grown in various cultivating media. 

Methods of Study and Examination. 

The organisms which we have made the subject of special study were obtained 
in the examination of the air of various places by means of Hessb*s tubes, and by the 
exposure of dishes filled with gelatine-peptone in the manner already described. In 
both cases the aerial organisms are deposited on the surface of the solid gelatine, 
and, by incubation for several days, each organism thus deposited gives rise to a 
colony frequently possessing a characteristic appearance. If these colonies are not 
too closely crowded together on the surface of the gelatine, it is easy to transfer a 
small portion of a single colony to a culture-tube without any admixture from adjacent 
colonies. This transference is most conveniently effected by means of a sterilised 
platinum-needle. As the colonies obtained in the Hesse's tubes or on the gelatine 
dishes are, as already pointed out by one of us, invariably pure, the cultivation which 
is obtained by inoculating the needle into a sterile culture-tube is also pure if the 
operation of transference is performed with care and in an atmosphere reasonably 
6*66 from dust. Thus in the hundreds of cultivations which this investigation has 
ehtailed we have scarcely had a single instance of a culture being vitiated through 
contamination from the air during the process of transference and inoculation. 

Gelatine tube-cidtivatmis . — The colonies originally obtained from the air were 
invariably inoculated, in the first instance, into test tubes, one-third filled with solid 
sterile gelatine-peptone (for prepamtion of which see below), and plugged with cotton 
wool in the ordinary way. The appearances in these gelatine tubes have been carefully 
watched, described, and in many cases dmwn. These appearances are, as is well 
known, of great importance in serving to characterise specific organisms, and 
frequently serve to diflcriminate between organisms of similar and almost identical 
microscopic appearance. 

CoiapOBitioix of Culfcivalaiig Media employed : — 

OeZaiwe.— 100 gnna. gelatine; 10 grms. peptone (dry) ; oommon salt, 1 gm. ; lean beef, 1 lb ; water 
1 liti’e. 

^par-ayar,— 10 gnns. agar-agar instead of tbe gelatine ; otberwise identical. 

Broth . — Similar to the above, only omitting the gelatine or agar-agar. 

2 L 2 
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In TnnVmg these moculations, it haa been our practice not only to pierce the needle 
to a distance of an inch or more into the depth, but also to streak it along the surlace 
of the gelatine, as in this manner two characteristic growths are obtained, the one 
along the tmck of the needle beneath, and the other upon the surface of the gelatine. 

In many instances the growth of the organisms is accomplished by liquefaction of 
the gelatine, and the manner in which this liquefaction t^es place is often very 
characteristic, both as to the rapidity with which the change occurs and as to the 
form of the liquefied portion. The differences observed in respect of this phenomenon 
will be duly noticed in treating of the individual varieties of organisms. 

Agar-agar The organisms were in every case also inoculated into 

airyti’ln-r test-tubos Containing agar-agar mixture (for preparation see note, p. 259), 
ftTifl the appearances presented by their growth in this medium have been studied, 
described, and, where particularly characteristic, drawn. 

The agar-agar cultivations frequently serve to establish differences between 
organisms which, owing to their liquefimtion of gelatine, do not furnish characteristic 
growths in that medium, for the agar-agar is not liquefied by any organisms, and thus 
surface-growths can be obtained in the case of those which in gelatine iiroduoe only 
lique&otion. On the other hand, there are many cases in which the cultivations on 
agar-agar are but little cliaracteristic, whilst in gtiatine the same organisms present 
important marks of distinction. 

Broth-cultivoUions . — The organisms were also in every case inoculated into test- 
tubes containing sterile broth-peptone (for preparation see note, p. 269), and tlio appear- 
ances presented hy their growth in this medium have also been carefully observed and 
described. The appearance of the broth cultivations is generally very much less 
characteristic than those in gelatine or agar-agar, the principal difierences observable 
being in respect of the formation or non-formation of a pellicle on the surface of the 
liquid. 

There is, however, a special reason for carrying out cultivations in broth, and that 
is that the form of the individual organisms is generally more uniform and natural in 
a fluid than in a solid culture-medium, for in the latter the forms are ooousionally 
distorted and rendered abnormal by the pressure to which they may be exposed. 

Gdatine plaie-cultivatunifS. — Not unftequently the most striking appearances are 
presented by micro-orgamsms when growing in colonies on gelatine-plates. The 
colonies are often highly characteristic even to the naked eye, and they geneiully 
become for more so when examined by tiansmitted light with a low magnifying power 
(about 100 diametei's) ; these appearances we have in all cases carefully described and 
drawn. 

l^e plate oultivations are prepared by inoculatmg with a needle from a tube 
cultivation into a sterile test-tube oontainiug melted gelatine, thorougldy mixing the 
latter by agitation, then inoculating with a needle from this into a second test-tube, 
which is again mixed by agitation. The gelatine in this second test-tube is then 
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pouTed out upon, a sterile glass-plate and allowed to congeal. Sometimes even a 
further attenuation is prepared by inoculating from the second test-tube into a third, 
which is also poured out upon a plate. 

In tbia manner one or other or both of the plates is almost sure to yield colonies 
sufficiently separated from each other to prevent interference and to enable firrtber 
inoculations to be made from a single colony. 

By means of this method of plate-cultivation we have also controlled the purity of 
ad our other cultivations. For, on submitting the contents of any culture-tube to 
plate-cultivation in this manner, any impurity in the original culture will become 
apparent through the production of dissimilar colonies on the plate. 

The colonies are also of great importance for the preparation of cover-glasses (see 
later below) for microscopic examination with a high power (1,000 diameters), as all 
the forms obtained from a single colony may with ceitainty be known to belong to a 
single organism. 

"We must point out the great necessity of fully describing the appearance of all 
organisms when growing in colonies, as this forms one of the most important aids in 
the discrimination and identification of organisms. 

Miaroscopio examination . — In addition to the macroscopic observations already 
referred to, we have examined, measured, described, and drawn all the various 
organisms as they appear when viewed under a high power of the microscope. For 
t.bia purpose we have, in general, employed a -j^ oil-immersion (Lbetz) objective, with a 
No. 3 eye-piece, thus obtaining a magnifying power of nearly 1,000 diameters, whilst 
for the examination of micrococci we have also employed Lbitz s objective, with 
the pnmA eye-piece, thus obtaining a magnifying power of about 1,600 diameters. 

The organisms have, in general, been prepared for examination according to the 
Koch-LopbIjEIR* method. Thus a small quantity of a cultivation is transferred, by 
TnAq.TiH of a platinum needle, to a dean cover-glass, a small drop of sterilised distilled 
water is added, a-nd the mixture is spread as thinly as possible over the glass with the 
aid of the platinum needle. A second cover-glass is now laid upon the first and then 
drawn off, each glass being now piuvided with a thin film of diluted cultivation. The 
two cover-glasses are laid down with their wet faces uppermost and allowed to become 
quite dry. One of the cover-glasses is then held by one comer with a pair of forceps 
and slowly passed three times through the flame of a Bunsen burner or spirit-lamp, 
the face bearing the film being held upwards. The dided and ignited ^ecimea can 
then be preserved indefinitely before staining for examination. 

The specimen is stained by running a few drops of a diluted alcoholic solution of 
an nniliuft dye (gentian-violet, magenta, methylene blue, &o.) with a pipette upon the 
cover-glass, which is held with forceps by one comer and moved about so as to cause 
the colouring matter to flow evenly over every pai’t of the film. The dye is allowed 
to remain on the glass for about one minute, the exact time being varied according to 
• ‘Die Methoden der Bakteiion-rcrscliung,* Hdippb, WieBbadeu, 1886, p. 42. 
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ihe relative facility with which the organism has by experience been found to take 
the colouring matter ; it is then washed off with distilled water, and, if intended for 
immediate examination, laid with the film-surface downwards upon a clean glass sHp. 
The excess of water is then carefuHy removed with blotting-paper, and the prepara- 
tion is ready for examination. ‘ If the preparation is intended for permanent preserva- 
tion, it is, after washing off the dye, allowed to diy, and then mounted with a drop 
of Canada balsam. 

JJrop-citfeiwafton.'?.-— We have also studied the motility and progressive growth of 
the various organisms in “ drop-cultivations.” The drop-cultivationa are prepared as 

follows: — . . , 

A cover-glass is sterilised by holdmg it with a pair of forceps and passing it several 
ta’mfla through a Bunsen-flame or spirit-lamp. A glass slip having a round excavation 
on one sur&ce, and capable of being completely covered by the cover-glass, is similarly 
sterilised, and both cjover-glass and slip are allowed to cool under a glass shade, 
when cool, a small drop of sterile broth is placed by means of a sterile looped platinum 
needle in the centre of one surface of the cover-glass, and immediately after a very 
minute quantity (the smaller, the better) of a cultivation of the organism under 
examination is introduced by means of a sterile platinum needle into the drop of 
broth, and the cover-glass bearing the latter is then carefully placed so that the 
drop upon its nnder-sui&ce projects into the centre of the excavation. The periphery 
of the excavation has* been previously coated with a thin layOT of vaseline, so that 
when the cover-glass is placed in position as described the vase l i n e produces an 
air-tight seal to ^e sTriftH circular cell which is thus formed. 

If the above manipulations are performed with due ciare, a perfectly pure cultivation 
is obtained, and its progress can be observed under the highest powere of the 
microscope. 

By the aid of the above-described methods we have endeavoured to accurately 
a number of micro-organisms whicfii we have obtained from air. A few of 
these, such as the Micrococeiis prodigiosua, the BaxnUiis suhtilis, the yellow and orange 
Sarctna, have been more or less cdosely described by other observers, but the remamder 
are entirely new, or, if previously observed, they have not to our knowledge, after 
careful reference to the most recent literature, been so described as to render them 
capable of identification. Under these circumstances we have felt it necessary to 
provimonaUy g^ve names to all those forms which have not been hitherto described. 
The names which we have selected for this purpose are generally of such a nature as 
to indicate some striking peculiarity whic^ the organisms present either in their 
cultivations or when viewed under the microscope. By adopting this plan, we believe 
that the description of, and reference to, the cnrganisms whicih we have had under 
observation will be facilitated more than if we had only dedgnated them by numbers 
or other symbols. 
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Tn our terminology we have, following the practice of many recent writers, 
abandoned the term bacterium, distinguishing those forms which are distinctly 
elongated as bacilli, and those which are spheriMl, or approximately so, as micrococci. 

I.— MICEOCOCOI. 

The foEowing different varieties of micrococci have been found and examined by 
us : — 

1. Micrococcus camicolor. 

% 

2. M. albua 

3. Streptococcus liquefaciens. 

4. Sarcina lutea. 

0 . S. aurantiaca. 

6. S. lique&ciens. 

7. M. gigas. 

8. M. chryseus. 

9. M. rosaceus. 

10. M. candicans. 

1. Mioeococous Cabnicoloe. 

Occurrence. — This micrococcus was obtained as a pinkish surface-expansion on a 
gelatine-dish exposed to the air of the dose at the base of Norwich Cathedral, 26th 
April, 1886. 

Microscopic appearance. — ^Under the high power ( X 1,000) it is seen to consist of 
almost round cocci varying in size from ‘5/i to about l'.5/i. The larger forms almost 
invariably exhibit a division (see Plate 17, fig. 2, No. 2c). Otherwise the cocci 
present no definite arrangement. 

When viewed in drop-cultivations, they exhibit the usual vibratoxy motion ot 
micrococci. 

Appearance in Cultivations. 

Gelatine.— In tube after four days (August 6—10, 1886) the needle-track in the 
depth exhibits but very slight growth ; over the surface, however, there is a pink expan- 
sion extending laterally on either side of the streak of the needle. At a later period 
the needle-ti'ack beneath the surface becomes beaded, and the colour of the sur&ce- 
growth is seen to he of a lighter tint in the centre than round the periphery. (See 
Plate 17, No. 2b.) 

In very old cultivations the gelatine becomes slightly liquefied. 

Agar-agar. — Grows rapidly, producing a smooth flesh-coloured surface-expansion 
having a glazed appearance. (See Plate 17, No. 2ct.) 

jBroiA— After nine days (August 7—16, 1886) the liquid is clear, free fium a 
pellidle, and has a pinkish deposit at the bottom. 
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Appearance on plaie-cuItimtion.^The colonies are seen to the naked eye to be of 
a feint pink colour. Under a low power (XlOO) they appear as almost perfectly 
circular smooth-edged colonies, the interior of which is exceedingly finely granular m 
its nature. They are brown in colour, the shade becoming deeper as the colomes 
develop fui-ther. (See Plate 17, JTo. 2d.) When the colonies reach the surface^ of 
the gelatine they form a very thin and round— almost colourless— expansion, which 
subsequently acquires the chai-acteristic pink tint. Under a low power this expansion is 
seen to be finely granular, with an almost perfectly smooth edge. (See Plate 17, No. 2e.) 
Tubes were inoculated both from the surface-colonies and from those in the depth of 
the gelatine, and from each the same characteristic growth was obtained. 

This organism has many points of similarity with the Micrococcus rosaceus, from 
which it is chiefly distinguishable (1) by its more rapid growth, (2) by the fainter 
colour of the pigment, and (3) by the different appearance of its colonies. (See 
page 269.) 

2. Microcsoccxjs Albus. 

Occurrence . — ^We have obtained this as a white surface-expansion on a gelatine-dish 
from the same place as the Micrococcus carnicolor (p. 263). 

Microscopic appearance . — ^Viewed under a high power (X 1,000), this is seen to 
consist of cocci varying in size from 'Sp to 1'5/i, the larger ones presenting a division 
(see Plate 17, fig. 5, No. 66) ; they have no characteristic arrangement. 

Appearance in Cultivations. 

Qelatine.—'hi tube after four days (August 6—10, 1886) the needle-track below 
the surfece shows a feiint saw-like growth, whilst on the surface there is a narrow, 
white, Bbining expansion spreading on either side of the needle-streak. The edge is 
lobular (see Plate 17, No. 5a) and smooth, not serrated. No liquefaction of the 
gelatine takes placa 

Agar-oj^Cfft . — It appears as a faintly white, almost colourless surfitce-expansion, with 
a smooth, but lobular, edga 

Broth , — After nine days (August 7 — 16, 1886) the liquid is very slightly turbid, 
free from peUide, with a yeUowish-white deposit at the bottom. 

Appmrance on plate-culiivittion . — ^The colonies are visible to the naked eye as 
small milk-white discs. Under a low power (x 100) they are seen to be circular, 
sharp-edged, and finely granular in natma In colour they exhibit varying shades of 
brown, according to the d^ree of their devdopment. (See Plate 17, No. 5c.) 

3. SlBEETOOOCOlJS LiQUBPACIENS. 

Occurrence , — ^This was obtained from air as a yellow surfeoe-expansiou on a 
gelatine-dish. 
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Microscopic appearance* — ^TJnder a high power (x 1,000) this is seen to he a small 
micrococcus, varying in size from '5ft to '8fi, the dimensions being thus fairly unifornL 
The cocci are arranged in short chains, as seen in Plate 18, fig. 3, No. 

Appearance in Cvltivafions. 

Gelatine. — ^Afber four days (August 6 — 10, 1886) the needle-track below the 
surface is very faint ; at the top there is a slight depression, with a light lemon-yellow* 
deposit, slight liquefaction of the gelatine having there taken place. As the cultiva- 
tion becomes older, the liquefiiction slowly proceeds, the needle-track in the still 
solid gelatine remaining very faint. 

AgaT<LgaT , — ^Forms an almost colourless shining growth extending even after a 
month, but slightly to left and right of needle-streak. 

Broth. — After nine days (August 7 — 16, 1886) the liquid is clear, free from pellicle, 
and a diitiy yellowish-white deposit. 

Appearance on plate-cultivation. — ^To the naked eye the colonies appear as 
yellowish pin-heads on the surface, each being surrounded by a slight depression. 
Under a low pow-er (X 100) the smaller colonies appear irregularly circular (see 
Plate 18, No. 36), the edge is smooth, and the interior is more or less granular. 

In gelatine the growth of this organism presents points of similarity to that of 
Sarcina hitea^ from which, however, it is most sharply distinguishable, not only by 
its appearance under the microscope, but also by its grow th in agar-agar. 

4. Sarcina Lutea. 

Occurrence. — ^We hare not onrselTes found this oiganism in the air, hut a cultiva- 
tion of the anma was brought by one of us from Dr. Koch's laboratory at the 
Hygienic Institute of Berlin. 

It has already been partially described by Klein (‘ Micro-organisms and Disease,’ 
1885, p. 43), Eisbisbbeg (* Bakteriologische Diagnostih,’ 1886), CaooKSHANK: 
(‘Introduction to Practical Bacteriology,’ 1886, p. 120), Flogqb (‘Die Mikro- 
Organismen,’ 1886, p. 179). 

Microscopic ccppeai'ance. — ^TJnder a high power ( X 1,000) there are seen large cocci, 
mostly grouped together in cubical packets of four or more. The individual cells vary 
in diameter from l*5ft to 2'5/tt, and are best seen when lightly stained with methylene- 
hlne. nPKA staining is veiy liable to be too intense and so prevent the grouping 
bang recognisable, owing to their lying in heaps, the division of the cells taking place 
both vertically and horizontally. (See Plate 18, fig. 6, No. 66.) 

The appearance in drop-cultures is particularly characteristic, the arrangement in 
cubical packets being most beautifully shown. It is, of course, non-motile. 

Appeanmce in CidtivcUions. 

Gdatine.—Ia the tube it grows slowly, forming numerous minute yellow centres in 
the track of the needle, whilst on the surfece it produces a shining lemon-yellow 
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expansion consisting of smaU hump-like protuberances. In nine days (August 6—15, 
1886) the Burfece-growth was stiH very restricted, but had formed a depression e 
with lemon-yellow semi-liquid matter. Even after eighteen days (August 6—24) 
there was but little change in the needle-tmok, butthes^ace-depression, wHoh waa 
considerable (see Plate 18, No. 6a), was filled with liquid, at the bottom of which 
was a lemon-yeUow deposit. 

This organism thus causes a very slow ^uefacfcion of the gelatine, and produces a 
very decided lemon-yellow pigment. 

Agar-agar.— 'Soma a thick chrome-yellow moist mass extending over the surface. 
JSrofA— After nine days (August 7—16, 1886) the Hquid is dear and free from 
peQide ; there is a lemon-yellow deposit at the bottom. 

Appeara^tce on plate-cuUivation.—ThQ colonies are visible to the naked eye as 
small yeUow centres which, under a low power (x 100), appear of irregular shape, 
finely granular near the periphery, the edge being nearly smooth (see Plate 18, 
No. 6c). The centre of the colony has a dark greyish-green colour. No liquefaction 
was observed during the first six daya 

5. Saboina Aubaotiaqa. 

Origin , — This organism is also occasiondly found in the air, although we have not 
■ ourselves met with it there. A cultivation was brought by one of us fron Dr. Kooh’s 
laboratory in Berlin. The only references to this organism which we have been able to 
fi-nH are in EiSENBKBa’s ‘ Bakteriologisohe Diagnostik,' which contains a very brief 
description of its appearance, and its existence is mentioned by EltJgq-b (‘ Die Mikro- 
Oiganismen ’) without, however, any description being appended. 

MioToaoopic appearance . — Under the high power (X 1,000 or X 1,500) there are 
seen packets of coed, which are much smaller than those of Sardna lutea. The 
complete packet of four coed measures only about 1‘7/i across. (See Plate 18, 
fig. 4, No. 4b.) 

Appearance in Cultivadons, 

Gelatine . — ^In the tube, after four days (August 6 — 10, 1886), liquefeotion has 
taken place along the path of the needle, producing a funnd-shaped canal which is 
filled with dear liquid, at the bottom of which is a flocculent orange deposit. 

The Plate 18 (No. 4a) exhibits the condition of the cultivation after seven days’ 
growth (August 6 — IS) ; the liquefaction even then has not extended across the tube, 
and the lower extremity of the needle-path is still comparativdy undevdoped. 

Agar-agar . — ^Fonns an abundant and moist surface-growth of a strong orange 
colour. The growth is for the most part continuous, but numerous little heaps are 
distributed over the remainder of the surface. 

Broth . — ^After nine days (Augrat 7 — 16, 1886) the Hquid is turbid at the surface. 
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but dear below, witb a dirty white deposit at the bottom. After eighteen, days the 
deposit has become of an orange colour. 

Appearance on plate-cvltivation. — To tbe nak ed eye the colonies are visible on 
the fifth day (October 13 — 18, 1886) as small, round, yellow colonies, each of which 
exhibits a circular surfiice-depression of varying size. On examination with a low 
power ( X lOO), the colonies are seen to be circular and granular, with a slightly denti- 
culated edcre. which in the less developed colonies is not so marked. (See Plate 1 8, 
No. 4c.) 

6. SaECINA LrQTJEFACEBSB. 

OocuTTence. — e have found this organism in the air collected on the roof of the 
Science Schools, South Kensington Museum. It was particularly abundant on the 
8th July, 1886, when it was found producing small granular liquefying colonies on the 
surfiice of gelatine-dishes which had been exposed there. 

Mieroseopic appearance.^VuAeT a high power ( X 1,000 or 1,500) it much resembles 
Sardna lufea, the cocci, which are about 1’5/it in diameter, being arranged in packets 
of four and upwards, a veiy large number sometimes remaining aggregated together. 
(See Plate 18, fig. 5, No. 5Z>.) 

Appearance in Cultivations. 

Gelatine. — ^After four days (August 6—10, 1886) the needle-track below is 
composed of ama.]] isolated whitish centres, whilst above there is a large depression 
with an air-space and cloudy liquid contents, at the bottom of which there is 
a greyish“white deposit. The liquefaction has not extended across the tube. On the 
ninth day (August 6 — 15) the liquefaction has extended across the tube to depth 
of about half-an-inch (see Plate 18, No. 5a), the liquid portion being very turbid, 
with a yellowish-white deposit resting upon the surface of the still solid gelatine 
below. The lower portion of the needle-track exhibits no material altemtion. 
Subsequently the liquid portion becomes quite dear. 

Agar-agar. — The growth is very rapid, producing an almost colourless (very 
faintly green) expansion, very much resembling that of Sarcina oiirantiaca, excepting 
as regards the colour. 

Broth.— A&er nine days (August 7—16, 1886) the liquid is clear, free from pellicle, 
and with a dirty-white deposit at the bottom, vdiich subsequently becomes of an 
orange colour. 

Appearance on plate-cultivation. — ^To the naked eye the colonies appear almost 
colourless (very feintly green). They had not caused liquefection of the gelatine on 
the fifth day (October 18—18, 1886) ; a day later (October 19) they formed a surface- 
deprMsion like Sarcina aurantiaca. Under a low power (x 100) the colonies appear 
(see Plate 18, No. 5c) as highly irregular in contour, with a denticulated and lobular 
edge and granular contenta 

2 M 2 
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Distinctive Diffet'ervoes existing hetiveen the three Forms of Sardna described. 

Under the microscope the Sardna aurantmca is sharply distinguished from the other 
two hr the smaUer size of its cells, whilst it pesente a still more striking contrast to 
the other two in the colour of the pigment which it produces when cultivated in 
gelatine or on agar-agar. From Sardna Ivtea the other two are also distinguished by 
the &r more rapid liquefihction of the gelatine which they produce. The pioperty 
which the almost colourless Sarcma has of liquefying right across the tube presents a 
marked point of distinction from Sardna aurantiaca, in which the liquefaction takes 
place in the form of a hag. 

7. MroKOcocKHJS Gigas. 

Occurrence.— This was found by us in the air of a cow-shed, forming a large white 

expansion on a gelatine dish exposed there. 

Jfioroscopic appearance. — ^Under a high power ( X 1,000 or 1,500) this is seen to be 
a large micrococcus, sometimes as much as l'7f4 in diameter ; the cocci are frequently 
adherent in pairs. (See Plate 17, fig. 3, No, 8a.) 

Appearance in Gultivcutions. 

Gelatine. — It liquefies the gelatine slowly, rendering it turbid. 

Agar-agar. — It forms a yellowish-white smooth surface-growth, extending in 
lobules to right and left of the needle-streak. Uater on, the colour becomes cream- 
yellow, a^d the lobules, which are numerous, remain small There is a considerable 
granular growth in the track of the needle beneath the surface. 

Broth. — A - ft fi r BIX days (September 7 — 13, 1886) the liquid is clear, free from 
pellide, and has a whitish deposit at ihe bottom. 

Appearance <m plate-cuHivation. — ^After four days the colonies appear on the 
sor&oe as pin-heads of a feint cream colour, each cau^g a depession in the gelatine. 
Under a low power (x 100) the colonies are seen to be circular in diape, with a 
slightly irregular edge, and the contents, which are cloudy at the centre, become 
distinctly granular towards the edge. (See Plate 17, No. 3&.) 

8. Mioeocoocijb Ckkssedb. 

Occurrence. — Thw was found hy us in the air collected on the roof of the Science 
Schools, South Kensington Museum. 

Microscopic appearance. — Under the high power (X 1,000 or 1,500) it appears as 
a nucEoooccoB of variable size, up to 1/e iu diameter ; the largest cells exhibit a division. 
The cood are not arranged in any definite mannmr. (See Plate 19, fig. 8, No. 8a.) 



ON SOiEB NEW MTCRO-OBGANISMS OBTilNED PHOM AIE. 


269 


Appearance in Cnltivations. 

Gelatine. — After four (August 6 — 10, 1886) there is a slight surface 

depression filled with seiui-li<juid creaunjoloured matter ; even after sixteen days the 
semi-lk[ue&ction has hut very slightly increased. 

Agar-agar, It forms a sirrface shining growth of light-orange colour. 

Broth.— A&er nine days (August 7 — 16, 1886) the liquid is clear, free from 
pellicle, and has a dirty-white deposit at fihe bottom. 

Appearance on plate-cultivation. — ^After four days the surface-colonies are visible to 
the naked eye as pin-heads of yellowish colour. Under a low power (x 100) they 
are seen to be generally round (see Plate 19, No. 3&), the more developed colonies 
showing a finely granular edge, whilst the less developed have a smooth edge. 

Note. — ^The dark semi-circular edge seen in the figure indicates the depression 
produced by the colony on the siufece of the gelatine. 

9. Miceococcus Eosaceus. 

Occurrence. — ^We have frequently met with this organism in the course of our 
experiments on air ; we have also compared it with a cultivation which was brought 
by one of us from Dr. Koch’s laboratory in Berlin. On gelatine plates or dishes which 
have been exposed to the air, it produces small, smooth, s hi n i ng, bright pink expan- 
sions. 

Microscopic appearance. — Under a high power (x 1,000 or 1,500) the cocci are 
seen to be very variable in size, the largest being as much as 2'5/i in diameter ; the 
larger exhibit a well-marked division. (See Plate 17, fig. 4, No. 4ct.) 

Appearance in Cultivations. 

Qelaiine . — ^It forms a shining, smooth, pink expansion on the surface, whilst the 
needle-track below remains almost undeveloped. As the cultivation becomes older, 
the margin assumes a radiated appearance. Still older cultivations frequently exhibit 
slight liquefaction. 

Agar-agar. — ^Forms a smooth, bright-pink surface-expansion devoid of any further 
characteristics. 

Broth.— kSacx nine days (Aug. 7—16, 1886) the liquid is dear, fi-ee from pellicle, and 
exhibits a pink deposit. 

Appearance on plate-cultivation. — To the naked eye the more developed colonies 
appear as pin-heads on the snr&ce, and are hright-pink in colour. Under a low 
power ( X 100) they are seen to he of a distinctly reddish tint, the edge being irregular, 
hut smooth; but as the colonies approach the surface the irregukrity diminishes. 
(See Plate 17, No. 46.) 
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10. MiCHOCOCGUS OANDICAirS. 

Occttrrertce.--Thifl was found in the air coUeoted on tiie roof of the Science Schools, 
South Kensington Museum. We believe this organism to bo identical with t^t 
described by FxtraaB, he. dt., p. 178, but he does not mention that it liquefies gelatine. 

Microscopic appearance.— Under a high power (X 1,000 or 1,500) the coca axe 
seen to be variable in sise, the larger ones exhibiting a division and reaching Ip in 
diameter; they are devoid of any definite arrangement. Plate 17, fig. 1, No. Ic, 
represents the appearance of the coed taken firom an agar-cultivation and viewed 
with a magnifying power of 700 ; in No. Id they are taken firom a gelatine-cultivation 
and are magnified 1,000 times. 

Appearance in Cultivations. 

G^eZaitne.— After four days there is a surface-depression containing an intensely 
white and opaque mass. As the cultivation becomes older, liqueftction slowly 
proceeds downwards, the liquid formed being highly glutinous and turbid.^ (See 
Plate 17, No. 16.) The mode of liquefaction in the case of this oiganism is very 
dependent upon temperature; thus in warm weather, or if the temperature is 
maintained at about 22“ C., the liquefection takes place in a long funnel, as seen in 
the Plate, whilst at a low temperature the liquefaction is mostly confined to the 
Bur&oe. 

Agar-agar. — ^Already in the course of three days there is a strong growth forming 
a smooth and dazzling white mass upon the surface. The brilliancy of the white 
mass, which resembles a moist patch of Chinese white, is especially characteristic. 
(See Plate 17, No. la.) 

Broth . — After uina days (August 7 — 16, 1886) the liquid is pervaded with a fine 
turbidity ; there is no pelliole, but a white deposit is found on the hottoio. 

Appeara/noe on piate-cultivatiorL — ^The colonies are milk-white and, under a low 
power (x 100), they are seen to have a smooth edge, the interior being granular; 
and, whilst the older colonies are somewhat irregular in shape, the less developed 
ones are nearly circular. (See Plate 17, No. le.) 

IL— BACILLI. 

1. . Bacillus.aurescens. 

2. „ aureus. 

3. „ atreuB. 

4 „ plicatua 

5. „ chlonnus. 

6. „ pedymorphus. 

7. „ profuBus. 

8. „ pestifer. 
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9. Bacillus Ise-vis. 

10. „ cereus. 

1 1. „ subtilis. 

12. „ (ilicrococcus) prodigiosus. 

The above is a list of the various forms of bacilli ■which have been found by us in 
air, and ■vrbich, with the exception of the two last, have not, as far as we are aware, 
been previously described. We have again ventured to designate these new forms by 
names which are indicative of some striking characteristic which they possess. Thus 
in the case of Nos. 1, 2, 3, and 5, the pigments whifh are produced on cultivation 
being veiy marked, the names have been selected "with regard to this property. In 
the case of No. 4, again, the peculiar* appearance of the cultivations is suggested 
in the name ; whilst in No. 7 the microscopic appearance, and in No. 8 the strong 
anfl highly disagreeable smell possessed by its cultivations, axe indicated by the 
names assigned to them. 


1. BAcacLiiUS Aurescsexs. 

Occurrence . — T his was met with by us as a yellow g^’owth on a gelatine-dish 
wfiich bad beeu exposed to the air of a railway-carriage. 

Micfoscopic appearawx . — Under a high power {x 1,000 or 1,500) this is seen to 
be a short bacillus occurring singly, in pairs, and in threads of three and four. The 
individual bacilli are from three to five times as long as broad, "with rounded ends. 
Their length varies from 1*5/4 to 3*5/4. In the threads the divisions are not always 
distinctly visible, and it has then the appearance of a long slender badllus. In 
Plate 19, fig. 4, No. 46, the appearance of the bacilK when grown in broth is 
represented, the magnifymg power being 1,000. In No. 4c the bacilli are taken from 
a gelatine-cultivation, and are only magnified about 600 times. 

Viewed in drop-cultivations, they exhibit vigorous vibratory and rotatory motion, 
but no movement of translation was observed. 


Appearance in Cultivations. 

GelcUine.—Uhe growth is very faint in the traok*of the needle below, but on the 
surface it forms alight orange-coloured, dry, and much crumpled expansion, which does 
not cause liquefaction of the gelatine even in vary old oulti'vations. The appearance 
is very characteristic. 

Agar-agar.— Forms a dry light-orange surface-growth, much crumpled, wich an 
irr^ular edge, which is of lighter colour than the ctmtral portion. (Bee Plate 19, 
No. 4 (a) 

jBro«A.— After six days (August 7—13, 1886) the liquid is clear, but there is a 
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plentiful deposit of cream-yellow matter, and the surface is covered with a delicate 
dirty-white pellicle, which subsequently becomes faintly o'eam in colour. 

Appeamtxce on plate-euUivation.—^o the naked eye the colonies are visible ae 
small pin-heads of a feint orange colour. Under a low power (X 100) they are seen 
to be not perfectly circular, finely granular inside, and with a very slightly jagged 
edge. (See Plate 19, ITo. 4d.) 


2. BAdLLUB AuEBDB. 

Occurrence.— This was also found forming an orange-coloured pin-head on a 
gelatine-plate, which had been exposed in the same place as the last. 

Microscopic appeamiice.— With a high power (x 1,000 or 1,500) this is seen as a 
bacillua forming fine graceM threads (see Plate 19, fig. 5, No. 56), which are 
considerably longer than those formed by Bacillus ouresoens. In drop-cultivations 
they exhibit vibratory motion only. 

Appearance in Cultivations, 

OeZoiine. — ^There is but little growth in the path of the needle below, but on the 
6ur&.ce it forms a dry crumpled expansion, which is of a much deeper orange colour 
+lia.Ti B. aureseens. In old cultivations it causes slight liquefaciuon of the gelatine. 

Agar-agar . — Forms an orange growth, which is less crumpled and less dry in 
appearance, but deeper in colour than that of B. aureseens. (See Plate 19, No. 6a.) 
The cultivations, firom which the drawings of these two bacilli were made, were started 
on the same day, and, although all the conditions were precisely similar, the 
difference between the two growths was very marked. 

Broth . — After six days (Aug. 7 — 13, 1886) it resembles B. aureseens, but the 
deposit and peBide were deeper in colour. 

Appearance on plate-cultivation . — The colonies differ but little from those of 
B. aurescena, forming pin-heads on thesuifene, which axe, however, of a deeper orange 
colour, and are more rapid in their growth. See Plate 19, No. 5c. 

3. Baoilltjb GccBsm 

Occurrence . — This was found produdng a yellow pigment on the surface of a 
gehttine-dish which had been exposed to the air in Hyde Park. 

Mienacopio appearance. — ^Under ahigh power this is seen to be a short fe,t badUus 
about one-and-a-half to twice as long as broad. It frequently exhibits a median 
transverse diviaon, which can, however, be only well seen with a very high magnifying 
power (^ oil-immersion), 1,500 times. Sometimes the bacilli hang together in chains 
of three and four. The average length of a pair is about 8 Afi ; the ends are rounded and 
sometimes pointed, especiallj in tiboae cases whare division has taken place. Not 
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unfrequently there are found forms of reiy peculiar shape. Some are bent and often 
club-shaped, and present other irregularities in thickness. That these forms are only 
modifications of the same organism is distinctly proved by the fact that they are found 
along with the ordinary forms in one and the same colony when the organism is 
submitted to plate-cultivation. These forms do not appear to be due to involution, as 
they occur in fresh cultivations and stain -welL Neither were spores observed in these 
nor in any of the other forms. A very large number of microscopic preparations were 
mflflw from different cultivations of this organism in order to confirm these observa- 
tions. (See Plate 20, fig. 2, No. 2&.) 

In drop-cultivations the bacillue is seen to be non-motile. 

Appearance in Chdtivations. 

After four days (August 6—10, 1886) the needle-track below presents a 
slight saw-like growth, whilst on the surface there is a small leaf-like expansion 
extending on either side of the needle-streak. (See Plate 20, No. 2a.) This 
Q-g-pi>Tiaif>T> is of a distinct lemon-yellow colour, with a smooth shining surface. The 
growth does not extend much on keeping the cultivation longer, and no liquefaction 
of the gelatine takes place. 

Ayar-agar. — Forms a moist shining surface-expansion of sulphur-yellow colour, 
and with a lobular edga The growth, even in old cultivations, was not found to 
extend over the whole surface. 

After nine days (August 7—16, 1886) the liquid is dear, free from pellicle, 
and has a very slight yellowish deposit at the bottom. 

Appearance on plate-cultivation. — The colonies axe visible to the naked eye as 
amg.11 white discs after four days, which, on keeping longer, become of a strong 
yellow colour. 

Under a low power (x 100) the colonies are seen to be highly granular, more or 
less regularly circular in shape, and with an almost smooth edge. (See Plate 20, 
No. 2c.) 

4. BAcrLLTJS PncAom 

Occurrence. — ^This was found forming a white irregular protuberance on the sui&ce 
of a gelatine dish which had been exposed to the air in one of the wards of the 
Brompton Hospital for Consumption. 

Microscopic appearance. — ^Under a high power this is seen to be a very minute 
bacilliM, about 1^ times as long as broad. Usually several baeiHi are adherent 
together, thus forming short threads (see Plate 18, fig. 7, No. 76), the Imigth of which 
varies from to 5/t. 

Seen in drop-cultivations, it was found to he very motile. No spore formation was 
observed. 

MDOCCLXXXVIL — ^B. 3 N 
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Appearance in Oidtivations. 

Gelatine.— The growth to which this organism gives rise in gelatine is exceedingly 
characteristic. On the surface there appears along the needle-streak a much 
crumpled and folded greyidi expansion, the peripheral corirugation of which causes the 
sur&ce to become abundantly pitted and excavated. The growth in the needle-track 
helow is much less vigorous than on the surface, although in course of tune it becomes 
developed to a considerable extent and has a beaded appearance. 

It causes no liquefaction of the gelatine, even in old cultivations. (See Plate 18, 
No. 7a.) 

Agar-agar . — The appearance is very similar to that of the cvQtivation in gelatine ; 
the surface is, however, of a somewhat more moist texture, and the edge extends in 
tliiTi fern-shaped expansions over the surface of the agar-agar. 

Broth . — ^After nine days (August 7 — 16, 1886) the liquid is very slightly turbid, 
has a dirty-white deposit, and there is a small amount of flocculent matter on the 
sur&ce ; adhering to the sides of the tube, this develops latei on into a tough 
irregular pdlide. 

Appearance on plate-cultivation . — ^After four days the colonies appear to the 
naked eye as «ma.n white discs, the larger ones, which have reached the surface, 
exhibiting an indentation in the centre. As growth proceeds, the centre of the colony 
remains depressed, whilst the circumference becomes irregularly folded and raised, so 
that the colony is only attached to the surface of the gelatiae by a comparatively 
narrow pellicle. The substance of the colony is veiy tough in character, so that the 
whole growth can be easily removed in its entirety by means of a needle. 

Under a low power (x 100) the small colonies have a rough irregular edge varying 
in shape and d^iee of roundness. The larger colonies are dark-brown near the edge, 
but of a lighter shade near the cenrire ; they are very irregular in shape ; the contents 
ate finely granular. The different stages of development are exhibited in Plate 18, 
No. 70. 

5, Bacsellus Chlobinus. 

Occurrence . — ^This was fi>und as a yellow slowly-liquefying expansion on the surface 
of a gelatine dish exposed to the air on the spire of Norwich Cathedral We have 
found it on numerous occasions to be very prevalent in air. 

Mierosecpwi appearance . — Under a high power this is seen to be a very short 
badUus, varying from '5fi to l'5/i. in length, and about half as broad as long ; the 
ext.remities are rounded. It occurs singly and in short chains. (See Plate 17, 
fig. 7, No. 76.) In drop-cultivations only vibratory motion was observed. 
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A 2 Ji>eamtice in. Culttmtivns, 

Gelatiae . — ^After four days (August 6 — 10, 1886) the needle-track below exhibits 
only a very faint growth, whilst on the suiface there is a liquefied depression with a 
lemon-yellow deposit. Liquefaction proceeds slowly, the track of the needle below 
the surface remaining very faint. 

Agar-ftgar . — ^Produces a strong, almost uniform, shining surface-growth of a 
greenish-yellow colour. 

Broth . — After nine days (August 7 — 16, 1886) the liquid exhibits a fine turbidity : 
there is no pellicle on the surface, but a dirty-yellow deposit on the bottom. 

Apjjenraiice on plnte-cnltivution . — On the third day (October 29 — N^ovember 1, 
1886) the colonies appear as greenish shining expansions, rapidly extending on the 
surface, but remaining small in the depth of the gelatine. 

Under a low power (x 100) the larger surface-colonies exhibit very fine granula- 
tion, with a thin smooth edge. The smaller colonies have also a smooth sharp edge, 
with a cloudy interior. (See Plate 17, No. 7ff.) 

6. BACILLrS POLYMOEPHUS. 

Occvrrence , — ^This was obtained as a small colourless pin-head with radiated rim 
on the surface of a gelatine dish which had been exposed to the air on the roof of the 
Science Schools, South Kenbington Museum. 

M.icrosLOpic app^aronce . — This organism exhibits a great variety of forms, even in 
cultivations only one day old. In the first place there are seen small fat bacilli, 
almost like micrococci; then there are longer or more oval individuals, frequently 
occurring in pairs, and also forming strings of irregular thickness. In these strings 
there is frequently no division visible, and such an irregular band sometimes reaches 
17/Lt in length. The isolated bacilli are '8/1 in length and nearly as wide, whilst 
when united in chains they appear several times this size. 

At first sight this variety of form has the appearance of an impure cultivation. We 
have, however, found the same variety in examining the contents of single colonies 
from plate-cultivations of this oiganism (see Plate 17, fig. 6, Nos. 66, 6c), and there 
can, therefore, be no doubt that all these forms belong to one and the same 
organism. No. 66 was tnlren from a colony obtained on plate-cultivation, and No. 6c 
from an agar-tube cultivation. Tiewed in drop-cultivations, they appear almost like 
micrococci, singly and in chains of vaiying length. Yibratoiy motion only was 
observable. 

Appeamnce in Cultivations. 

Gelatine.— Slawlj forms a surfece-growth which is charaoterised by the regularity 
of its shape and the minutely serrated nature of its contour. The surface of the 
growth is smooth and white, hut in old cultivations the centre becomes tinted slightly 

•2 X 2 
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yeUov. (See Plate 17, No. Qa.) The needle-track below the surface exhibits a fine 
saw-like growth, which is more considerable than that of many of the organisms 

described above. t 

Agar-agar.— growth again exhibits a highly serrated edge, but the rate of 

extension over the surface is more rapid than in the case of the gelatine. 

Broth.— A&&T nine days (August 7—16, 1886) the liquid is turbid above, but dear 
bdow, and is dothed with a thin doudy-white pellide on the surface. There is also 
a white deposit at the bottonL 

Appearance m 'plate-cvltimtwn.—To the naked eye the colonies are circular and 
bluish-white, with a small ydlow spot in the centre. On the surface of the gelatine 
they form distinct pin-heads. Under a low power ( X 100) the larger surface-colonies 
are seen to be circular, with an irregular corrugat^ edge, endosing coarse granular 
matter. The central portion is doudy and surrounded by a distinct ring. (See 
Plate 17, No. 6d.) 

The smaller colonies in the depth of the gelatine are very irregular in shape and 
resemble the corolla of a flower. The contents of the colony is more finely granular 
tban those of the larger surBme-colonies, the centre being also douded. (See Plate 1 7 , 
No. 6a) 

As in othmr cases, the cultivations were made by inoculating from both kinds of 
colonies, and the identity of the two proved. 

7. Bacilltis pBorusus. 

Occurrence. — This was found in the air collected on the roof of the Science Schools, 
South Kensington Museum, producing a beautiful iridescent growth on the surface of 
gelatine. 

Microscopio appearance. — Under a high power it is seen to be a short fet bacillus 
with rounded extremities. The length reaches about 1*7/4 and the width about *5/4. 
As seen in Plate 18, fig. 2, No. 2a, the dimensions of the bacilli are very variable even 
in one and the same cdony (the drawing was made from a preparation taken from a 
colony). These larger forms are comparatively rare; their length is more than l*7/x, 
the width even sometimes readying that figure. 

Viewed in drop-cultivations, they were found to exhibit vibratory motion only, and 
were seen isolated as well as hanging together in diort chains of two, three, and four. 

Appearance in Chdtivations. 

Oelathe. — ^There is but little growth in the path of the needle helow, but on the 
surface it frequently extends in a very thin layer which has a beautiful opalescent 
appearance when viewed by transmitted light. 

Agar-agar. — On this medium it forms a much thicker growth, ^ving rise to a 
smooth, whitish, lobular expansion, the thinner foliated margin of which exhibits 
beautiful itidesoeiioe by transmitted light. 
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Broth .— seven days (August 17—24, 1886) the liquid is clear, excepting the 
surface, on which there is some thin, granular, floating matter, and at the bottom there 
is a small amount of whitish deposit. 

Appearance on plate-eidtivotion . — The surface-colonies are seen with the naked eye 
to form an opalescent expansion of increasing size, with a very irregular contour. (See 
Plate 18, No. 2d.) In the depth of the gelatine, on the other hand, the colonies 
appear as grey dots. Under a low power ( x 100) the surface-colonies exhibit a dense 
centre, surrounded by a very thin and granular expansion having a highly nregular 
contour. (See Plate 18, No. 26.) The drawing represents a colony in which this 
surface excrescence is commencing. No. 2c represents a colony in the depth of the 
gelatine. Viewed against the light, these surface-colonies are of a beautiful azure- 
blue colour. 


8. Bacillus Pestifeb. 

Occurrence . — This was found forming a small white expansion on the surface of a 
gelatine-dish which had been exposed to the air in a garden near Hughenden, 
Bucks. 

microscopic appea to ace . — Under a high power this is seen to be a large thick 
hacillus about B’i/t in length and from 'Bp to l'7p in thickness; the length is 
difficult to determine, owing to the formation of threads, which are frequently of 
great length, extending far beyond the field of the microscope, and giving rise to 
winding vermiform figures. (See Plate 19, fig. 7, No. 76.) 

Viewed in drop-cultivations, the bacilli are seen to exist mngly, in pairs, threes and 
fours, &c., up to exceedingly long threads. Their movement is dow and uudulating, 
the single bacilli exhibiting most motility. It also forms non-motile tangled masses, 
but in no case was spore-formation observed. In Plate 19, No. 7c, which is 
drawn from a drop-cultivation, the arrangement of the bacUli in smaller groups is 
shown. Although we have examined a veiy large number of preparations of this 
organism, both in young and old cultivations, in gelatine, agar-agar, and broth, we 
have never observed any spore-formation. 

Appearance in Cultivations. 

Gelatine.— On the surface it produces an almost colourl^ feathery expansion, 
W'hich causes slow liquefaction of the gelatine. 

Agar-agar . — Commences by forming a grey-white smooth sur&ce-growth, which 
rapidly extends over the agar ; the surface-growth sometimes becomes very much 
wrinkled, like that of the Bacillus euhtUis (see below), but it has a more moist and 
shining appearance than the latter, and is of a grey, transparent, almost colourless 
hue. The wrinkles are very highly convoluted and twisted. (See Plate 19, No. 7fl.) 

Broth.— After four days (August 81— September 4. 1886) the liquid is slightly 



278 


ilRS. G. 0. ERA3JKLAKD AJiTD DH. P. F. FRAirKLAlSrD 

turbid, free from pellicle, and has a small quantity of white deposit at the bottom. 
Even after thirteen days there is only a thin film on the surface, which &lls to the 
bottom on shaking, and there is very little deposit. 

Ajppeai'ance o/i plate^cvltivation . — ^After two days the colonies appear to the nahed 
eye only as white specks, but seen with a low power (X 100) those on the surfece 
exhibit a very irregular contoiu*, consisting of brandlings into the surrounding 
gelatine of threads ; the interior of the colony has the appearance of being composed of 
threads closely packed together ; as they develop further, the centre becomes very 
dark and cloudy, but the edge remains very light, and thus much resembles a crystal 
branching out in feathers into the surroun^g gelatine ; after five days the feathery 
contours can be seen with an ordinary magnifying glass. In the depth the colonies 

appear compact and almost circular. (See Plate 19, No. 7d.) 

In all cultivations this organism gives rise to a most disagreeable odour, somewhat 
resembling that of putrid blood. 


9. Bacillus Ljevib. 

Occwnrettjce . — Thin was found forming a yellowish-white liquefying growth on the 
sur&ce of a gdatane-dish which had been exposed to the air in one of the wards of the 
Brompton Hospital for Consumption. 

Microscopic appeamnce . — ^Under a high power this is seen to he a bacillus the 
average length of which is 1‘7 to 2‘5fi, and it is about 5 times as long as broad ; the 
ends are distinctly rounded. It occurs singly, often in pairs, and occasionally in 
It gives rise to spores which are nearly as long as the bacillus itself, but 
more oval in shape, and which exhibit the characteiistio highly refractive appearance 
of spores in general All the well-known forms of BaciRus subtilis were observed, 
ixiclnditig the thickened form, only on a much smaller scale, and the threads being 
conriderably shorter. 

In preparations made from the surface of agar-agar cultivations frequently nothing 
but spores were visible. Whilst the bacillus is readily stained with any of the 
ordinary aniline colours (gentian-violet, Ac.), the spores prove refractory as usual. 

In Plate 19, fig, 6, No Sc, the preparation was made from a gelatine-cultivation of 
ten days’ age. In No. 6& the appearance is shown when a prepai'ation is made 
from a colony after three days’ growth. Tube-cultivations started from such colonies 
yielded in course of time ah the '^uious forma represented in No. 6c. 

In drop-oultivations the bacilli are seen to be exceedingly motile, occurring singly, 
in pniis, and occasionally in threads ; subsequently stationary masses of bacilli make 
thi^ appearance, and ^ning spores ace visible. 
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Ajypeamnce ia Cultivations. 

Gdatine . — ^AAer four days liq^uefaction has commenced at the top of the needle- 
track, forming a round depression, the bottom of which is filled with a white cloudy 
liquid. After nine days the liquefaction has extended across the whole tube to a 
depth of half-an-inch. The liquid is turbid and has a tough, greyish, wrinkled pellicle 
upon its surface and a fl.occulent deposit at the bottom. The lower part of the needle- 
track does not exhibit much alteration even at this stage. Ultimately the whole 
contents of the tube becomes liquid. (See Plate 19, No. 6n.) 

Agar-agar . — The growth is but little characteristic. It forms a moist, shining, 
greyish-white surface expansion, which rapidly extends over the whole agar-agar. 

Broth.— A&6£ nine days (August 7—10, 1886) the liquid is turbid near the surlace 
and dear bdow ; there is a dirty-white flocculent deposit at the bottom, and a thin 
granular pellide on the surface. Subsequently the liquid becomes dear, the pellicle 
remaining on the surface. 

Appeawnas on plate-cultivation . — ^In three days the colonies are visible to the 
naked eye es small white dots, the surface-colonies exhibiting a slight flocculence, 
which indicates the commencement of liquefaction ; as the colonies increase in size, 
liquefaction of the gelatine slowly proceeds. 

Under a low power (x 100) the colonies in the depth of the gdatine are seen to 
have a smooth edge, which is irregular in shape and endoses granular contents. 

The surface-colonies exhibit a very fine thin film of in’egular shape, extending firom 
a s.Tr>n1T centre, indicating the spot where the colony first reached the surface and 
began to liquefy. (See Plate 19, No. 6<7.) 

The characteristic difl:erences between this organism and Bavillvs subtilis will be 
pointed out after the latter has been fuUy described. 

10. Bacillus Cebeus. 

Occurrence . — This was found producing a large liquefying colony on a gelatine-dish 
which had been exposed to the air in a cow-shed. 

Microscopic appearance . — ^The bacilli are fix>m 3"4 to 12p in length. There are 
also seen thickened forms about 3-4/i long and 1*7^ wide. The ends of the badlli 
axe generally slightly rounded, whilst some are almost quite squar-e. The bacilli form 
f, ^rAni1g which axe very variable in length, some being composed of ten segments or 
more. 

Spore-formation was also observed' as seen in the Plate. (See Plate 20, fig. 3, No. 3o.) 
In a drop-cultivation the following changes were observed to take place ; 

When examined directly after inoculation from an agax-agax cultivation, there wctb 
vidble isolated bacilli, many of which contained a single spore, and free spores were 
also present ; there was practically no movement taking place. Within 12 hours 



2S0 


0.. 0. PRANKTxAJm AND DE. P. F- PBANKLAND 

there -v^ere numerous very motile bacilli, generally isolated, but occasionally forming 

longer threads. _ . • ii, j 

After 24 hours the bacilli were perfectly motionless, generally m pairs or m threads 

of three and four, Aftar 48 hours the bacilli "were still stationary, and there was 
abundant spore-formation, each segment exhibiting a shining oval spore m its interior. 
As the cultivation increased in age the threads were gradually broken up and the 
spores liberated. The free spores exhibit vibratory movement. 

Apjpearancs in OvJtivations. 

Gelatine. — The mode of growth essentially resembles that of the Bacillus svhtilis in 
this medium, the only difference being that it causes more rapid liquefaction of the 
gelatine than the latter. 

Broth. — Growth practically identical with that of Bacillus suhtilis in this medium. 
Agar-agar. — ^The growth in this medium presents a marked difference to that of 
Bacillus suhtilis. It forms a moist, grey-white, smooth, wax-like expansion, which 
rapidly extends over the snrfoce of the agar-agar. Even in very old cultivations no 
wrinkling, but only slight granulation of the surface, takes place. 

Appearance on plate-cuUkxttion. — Owing to the exceedingly rapid liquefection of 
the gelatine which this organism causes, it is necessary to examine the plates within 
24 hours of their being poured, in order to observe the first appearances presented by 
the colonies. 

We have examined a number of plate-cultivations of this organism, but the following 
description will serve to illustrate the progressive development of the colonies. 

After keeping the plate at 18—20'* C. for 18 hours, the colonies were just visible to 
the naked eye as small white dots, no apparent liquefection having yet set in. Under 
a low power ( X 100) the colonies appear as round or oval woolly masses having a 
finely spinose edge, from which, in many cases, long whip-like and ^iraJly-coiled 
t’hrftnAa extended into the surrounding gelatine. Some of the colonies, on reaching 
the sui&ce, gave rise to highly-irr^ular filamentous growths consisting of bands of 
fine threads, as subsequently described and drawn in the case of the colonies o£ Bacillus 
suhtilis. (See Plate 20, fig. 5, New. 5e, 5/.) These filamentous surface-growths sometimes 
appear as though they were not derived firom any colony of the usual kind, but had 
arisen quite independently ; thia appears to be due to the colony from which they 
proceed having been situated very near the surfoce, and having only attained very 
insignificant dimensi ons before reaching it ; and, having once arrived there, the 
growth on the sut&ce is enormously more rapid Aan in the depth, and soon produces 
hquefacrion. Other colonies sgaun, situated iu the depth of the gelatine, exhibit a 
more onifonnly spinose contour, as seen in Plate 20, fiig. 3, No. 8b, 

After 24 bourn the colonies had considerably increased in sizei being very apparent 
to the naked eye, althou|ph active liqupfacrion had not yet set in. Under a low power 



02T SOIIB NEW MIORO-OHGANTSIIS OBTAINED FBOit AIR. 


281 


{x 100) the whip-like extensions noticed above had enormously increased, the 
greater number of the colonies having the appearance presented in Plate 20, fig. 3, 
No. 3c ; others, again, like that shown in Plate 20, fig. 3, No. 8& ; and othera partaking 
of the character of both these, as shown in Plate 20, fig, 5, No, 5^ After 36 hours 
the colonies had further increased in size, and in many eases the whip-like extensions 
had become much thickened; in some colonies these gave rise to a star-fish appearance, 
which is easily visible to the naked eye. 

We have established beyond doubt that all the above forms of colony are derived 
from one and the same organism, inasmuch as we have repeatedly prepared plates by 
inoculation from single colonies and again obtained colonies of the same diversity in 
appearance. 

11. Bacillus Subtilis. (Hay Bacillus.) 

Although this micro-organism has become classical through the great care with 
which it has been described by numerous authorities, including Cohx, Koch, Kleis, 
and many others, it is only recently that the appearances to which it gives 
rise on plate-cultivation have been recorded (Eisbnberg, Joe. cit.; Plugge, loc. cit.). 
We have had occasion to carefully examine the appearances produced by this organism 
in order to compare them with those resulting from some of the organisms described 
above. For the purposes of this comparison, we have employed a cultivation which 
was obtained by one of us from Dr. Koch’s laboi-atory in Berlin. 

Mia'oscopic Appearance. 

The single bacilli vary in length from 1'7/t to 6'Sp, and are about l-7/i, in 
width ; the ends are shghtly rounded, but sometimes nearly rectangular. Prior to 
spore-formation the bacilli become thicker and more square (see Plate 20, fig. 5, No. 5c). 
and, as described in the case of B. cereus, these thicker forms present a very 
different appearance to the ordinary badllh. The bacilli also grow into threads, which 
are frequently of great length. The spores, which are to be seen in all but the newest 
cultivations, have a length of about 2-5/t, and are about Ip in width; they are oval, 
and present, as usual, a bright Mid shining appearance, which, together with their 
property of not staining with aniline colours, renders them easily distinguishable from 
the bacilli In Plate 20, fig. 5, Noa 5c and 5g, tliese various forms are represented; 
thus in No. bg are the ordinary bacilli, also the thickened bacilli, also bacilh containing 
spores ; whilst in No, 5c a thread is shown composed of numerous segments, also a 
pimilar th^* **^ which has become thickened and exhibits a qiore in each segment. 

Viewed in drop-cultivations, the isolated bacilli are seen to be very motile, but 
there are also stationajy loiasses of bacilli which are non-motile. ^ Subsequently 
threads and spore-formation are observable, as previously described in the case of 

B, cereus. 

UDOCXILXXXVII. — B . 2 O 
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Appea)'a,7ice in Cultivations^ 

Gelatine.~-Tk% growth gives rise in the course of a few days to liquefaction of the 
gelatine in the form of a long funnel, the lower part of which throws out feathery 
lateral extensions into the adjacent gelatine. (See Plate 20, fig. 5, No. 5a.) Soon 
the liquefaction eidiends across the tube at the surface, and ultimately involves ^its 
whole contents, a tough white pellicle forming on the sui-fece, the liquid below becoming 
clear, and a large quantity of fllocculent noatter becoming deposited at the bottom. 

Agar-agar .— growth rapidly extends over the surface as a white opaque ex- 
pansion, which soon assumes a dry appearance and becomes copiously wrinkled and 
puckered. (See Plate 20, fig. 5, No. 6&.) 

5rotA.— Grows rapidly, rendering the liquid turbid and giving rise to a white 
deposit at the bottom, and forming a pellicle on the surface which gradually increases 
in thickness and tenacity. 

Appearance on plate-cultivation . — The colonies become visible to the naked eye in 
about two daye^ time as httibII white dots when beneath, whilst on the surface they 
ft-rTiihit a very small liquefied circle of a greyish hue. 

Under a low power (X 100) the colonies in the depth of the gelatine are seen to 
have an irregular contour, with short spinose extensions in parts of the circumference, 
and the interior of each colony has a wavy structure, as if composed of coiled threads. 
(See Plate 20, fig. 5, No. 5d.) As the colonies increase in size the internal structure 
less defined, whilst the cu’cumference becom es uniformly spinose (See Plate 20, 
%. 3, No. 3&.) 

In the early stages (about after two days’ growth) the surface of the gelatine 
presents in places small cloudy expansions, which, when viewed under a low power 
(X 106) exhibit a most characteristic appearance, which seenos to have hitherto escaped 
observation, consisting of a higUy-irregular figure (see Plate 20, fig. 5, No. 5e), com- 
posed of pnwillftl bands of fine threads arranged in a much-contorted pattern. This 
apppam to be the form assumed by the colonies on first reaching the sfwrfa^ of the 
gelatine, for, on ftirther preserving a plate exhibiting a number of such " thread ” 
colonies, in the course of a day or two thmr appearance will be foimd to have entirely 
changed, their place bmng taken by a liquefied surfece, the margin of which exhibits 
the usual spinose character first described. In Plate 20, fig. 5, No. 5/] an ordinary 
spinc«e colony in the depth is seen to be breaking out into a thread-expansion where it 
has readied the surftice. 

Tubes both of gelatine and sgaivagar were inoculated ftom both varieties of colony, 
each ^ving rise to tiie same characteristic appearances already described. Plates 
were agmn prepared from these separate cultivations, and both varieties of colony 
obtuned fium eadi ouMvation. 

It thus appears that BadUus subiilis as well as B. cereus, described above, both 
£)rm colonies of several difieient types, the form of which depends upon the position 
in the gelatine-film of the bacilli from which they are derived. 
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In the first place there are compact colonies in the depth of the gelatine, which 
soon show small spinose or hair-like extensions from the periphery. These extensions 
increase in thickness, but remain fairly uniform in length, and ultimately the colony 
produces a liquid circle in the gelatine, and the periphery of this circle has also a 
finely spinose appearance. This appears to he the only form of colony which has 
oeen described by other observers. The appearance of these colonies may be compared 
to that of a “ crowa of thorns.” 

In a modification of the first class of colony, which appears to arise when the plates 
are incubated at a somewhat higher temperature, the hair-like extensions from the com- 
pact colony in the depth are much longer and irregular, often spiral and twisted, or 
resembling the lash of a whip. The formation of these longer extensions is probably 
accounted for by the smaller resistance offered by the gelatine at the higher temperature. 
These likewise ultimately produce liquefied colonies which do not differ in appearance 
from the liquefied colonies of the first (lass. This second class may be designated 
whip^olonies. These whip-like colonies appear to be espedally characteristic of 
BaciUvs cereus. (See Plate 20, fig. 3, No. 3c.) 

Thirdly, there are found surfime-growths of very remarkable appearance, and 
consisting of parallel bands of threads meandering over the surface of the gelatine in 
the most capricious manner, and frequently expanding into coils. These surface- 
growths are often quite independent of any compact colony, their production bemg, as 
far as we can see, due to the original individual organism or group of organisms fix>m 
which they have sprung being situated so near the surface of the gelatine that the first 
out-growth, having promptly reached the surface, has there grown out in free contact 
with the air with enormous rapidity. Thus in very young plates these surface-growths 
are already found of enormous dimensions compared with the compact colonies in the 
lower strata of the gelatine. This third class may he fitly named meonder-colonies. 
They also give rise to liquefaction, the edge of the liquefied portion bemg similar to 
that of the liquefied colonies of the other two classes. 'We have found these meander- 
colonies in the case of the Bacillus ccrcus as well as in that of Bacillus suhtilis. 

In Plate 20, fig. 4, we have represented a colony of the BaciUus anthmcis w'hicb 
presents many points of resemblance to those of the Bacillus svbiihSf more especially 
to the " whip ” and “ meander ” modifications. 


JPoints of Distindion between B. l»vis, B. cereus, and B. subtSis. 

Prom the descriptions which we have given above it will be seen that these three 
micro-organisms resemble each other very closely in many points; they can, however, 
be sharply distinguished on the following grounds : — 

I/iguefaction of gelatine. — B. cereus causes by far the most luffid liquefimhon of 
the gelatine ; B. suhtilis stands second in this respect, the liquefection bring very 

2 o 2 
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decidedly leas rapid; whilst B. Icevis possesses the power of liquefying gelatine to a 
much less extent than either of the other two. 

Agar-agar cultivations.— B. suUilis is very sharply distinguishable from the other 
two by the property which it possesses of imparting a characteristic wrinkled 

appearance to the surface of the agai*-agar. 

CAonies on gelatine plates . — The colonies produced by B. lavis are, as has been 
sho-nm above, very different from those of the other two, whilst we have not been 
able to establish any substantial difference between the colonies of subtilis and oereus 
beyond the difference in the rate of liquefaction, already referred to, and the longer 
and more spiral form of the whip-like extensions which we have constantly observed 
to be characteristic of B. cereus. 

Miorosoopic appearance . — In this respect, again, B. lavis exhibits a marked 
difference from the other two, its dimensions bemg very decidedly smaller. 


12. BAcsELLtrs (Mjcbooooous) Pbobigiostis. 

This organism was first described by Cohn as a micrococcus, bat is now generally 
regarded as a bacillus. 

We have met with this organism both in air and water, but we have especially 
studied it from a cultivation obtained by one of us from Dr. Kooh’s laboratory in 
BerUn. 

Microseoptic appearance . — The cells are rather longer than broad, the largest forms 
being about 1'7/t in length and about lya in width ; they are fioquently frund 
together in pairs. More distinctly bocillax forms have been described by 
CoBNn, and BAKfes (‘Les Bact^ries,’ 1886, p. 141) as occurring in broth-cultivations. 
We can fully confirm these observations, having ourselves seen them in drop- 
cultivations, and, what is more convincing, in tingle colonies. (See Plate 20, fig. l,No. Ic.) 


Appearance in Cultivations. 

Gelatine . — Grows very rapidly, liquefying the gelatine in the form of a conical sack 
(see Plate 20, No. 16) whi<^ soon extends across the tube at the top and, gradually 
pasting downwards, involves the whole tube. The liquid formed is very turbid, with 
an abundant flocoulent deposit of an intensely crimson colour. Near the surface there 
is generally seen adhering to tiie glass a thin laym: of still darker red colouring 
matter which has the peculiar fluorescence of an aniline colour when in a concen- 
trated state. 

Agar-agar. —Grows very rapidly over the surfece!, producing a deep, blood-red, 
smooth and shining expantion, the colour being only developed on the surface. (See 
Plate 20, No. la.) 

Broth . — Grows rapidly/ rendering the broth turbid, and producmg in the first 
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instance a ■white deposit^ which later on becomes of a pinkish colour, whilst at the 
sinface the colour is visible much sooner. 

Appearance on plate-c/ultivation. — ^Affcer two days ■the colonies are seen to the 
naked eye as circular depressions, each, having a red centre. TJnder a low power 
(X 100) the less-developed colonies in the depth of the gelatine are devoid of red 
colour; they are finely gnmular, ■with a very uregular contour. (See Plate 20, 
No. Id.) Tie surface-colonies, on the other hand, have a distinctly red nucleus 
surrounded by a very thin and finely granular hro^wnish gro^wth ha'ving a very 
irregular contom:. (See Plate 20, No. Id.) No. le represents the appeaiance of the 
colonies to the naked eye. 

m.— SAOOHABOMTOES. 

"We have found two varieties of Saccharomyces in the air, the one colourless, and 
the other producing a red pigment. They are both of very fi^equent occurrence. 

1. Sacoharomtces Liquepacibns. 

This organism produces very characteristic star-shaped liquefying colonies on 
gelatine-plates which have been exposed to the air. 

M.ioroscopic appeovouce. — The indi'vidual cells are oval and 7 and even 9^ in 
length, and fi:om 8 to 5/i, in width. They appear only to bud from the apex, and 
frequently there are t^win buds finm 'the same apex of 'the parent cell j occasionally 
they are seen hanging together in long strings. (See Plate 19, fig. 1, No. ]<i) 

Appearance in Oultivotions, 

(?eZaftne.— After a few days the needle-track below the surfeee exhibits small 
feathery centres in its lower portion, whilst in its upper portion the track is 
continuous and throws out hair-like lateral extensions of increasing length into the 
adjacent gelatina On the surfece there is a depression filled with white, doudy, 
liquefied matter. Later on, the liquefection extends across the tube, and ultimately 
involves 'the whole of the gelatine. (See Plate 19, No. la.) 

Agar-agar. — ^Forms a whining surface-growth exhibiting radial marki n g fix)m the 
central puncture. The surface is very faintiy pink in colour. The track of the 
needle bmieatii the surface exhibits beautiful feathery lateral extensions. (See 
Plate 19, No. 16.) 

The growth both in gdatine and agar-agar is exceedingly characteristic. 

After nine days (August 7—16, 1886) the liqmd is dear, with a dirty-white 

deposit at the bottom. 

Appeaurance on ploae-mliivation.---Th0 colonies when young appear as small doudy 
cen'trra ■to 'the naked eye. As they increase in dze they assume a star-shaped 
appearance, the rays of which gradually extend and liquefy the gelatine in a highly 
oharaoteristic manner. 
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Under a low power ( X 100) the branches of the star are seen to be composed of 
the individual cells closely compressed together in packets. The appearance is shown 
in Plate 19, lo. No le represents the naked-eye appearance of a colony. 

In its microscopic appearance this saccharomyces appears to corrMpond with the 
description of S. a^iculcctua, but the behaviour of the latter in cultivations has not 
been described. 

2. Sa-cohabomycbs Eosacbd's. 

We have found this on gelatine-plates which have been exposed to the air. It 
forms «Tnfl.n pinTr pin-head colonies on the surface of the gelatine. 

Microscopic appeamnce. — The cells are long, oval, about 8*5/t long and S'5fi in 
width. They appear to bud from the extremities only, and there are frequently 
two twin buds adhering to the same extremity of the parent cell. They are 
sometimes seen banging together in chains of four, (See Plate 19, 26.) 

Appearance in Cultivations. . 

Celatine. — ^It forms a whining pink expansion on the surface, there being but little 
growth in the tradr of the needle below. 

Agar-agar. — On the surfece it forms a smooth shining growth of a beautiful 
rose colour. The growth exhibits lines of darker tint radiating from a lighter centre 
(see Plate 19, 2a). There is no colour and but little growth in the needle-track below 
the sur&ce. 

;Broth. — ^After six days the liquid is dear, with a dirty-pink deposit at the bottom, 
which later on becomes of a bright-pink colour, the liquid remaining dear. 

Appearance on plate-cultivation. — The colonies are seen to the naked eye as 
dij niTi g pink pin-heads, which do not cause Kquefection of the gelatine. Under 
a lower power (x 100) the individual cells composiag the dosely packed masses of 
which the colonies condst can be distmcUy seen, especially in the case of the surface 
colonies. (See Plate 19, 2c.) 

17.— MOITLD PBODDOING A BROWN PIGMENT. 

/ 

This was fonnd by us produdng a dark-brown pigment on a gelatine-plate which 
had been exposed to the air on Norwich Cathedral. 

Microscopic appearance. — ^It forms a tangled network of branching filaments 
without viable division ; in thickness it goes up to 'Bp. In Plate 18, fig. 1, No. Ic2, 
the fiUments are shown magnified about 600 times. No spore-formation has been 
observed. 

Appeamnce m Oidtivaiions. 

Gelatine. — ^After a few days the needle-track bdow Ike sur&ce exhibits small, 
isolated^ fiocculent oentieB. The surface is depressed aud exhibits greyish fiocoulent 
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plac|ties fringed "witli brown, which shades off into the surrounding gelatine.* As the 
age of the cultivation increases, the brown colour becomes more intense and gradually 
Ayf.ftn>Ia throughout the tube. The gelatine becomes slowly liquefied, the fluid being 
of the same dark-brown colour. (See Plate 18, No. l6.) 

Agav-agai '. — The surface of the agar becomes covered with flocculent greyish 
plaques around which the brown colour is formed, the latter extending gradually into 
the depth of the tube. (See Plate 18, No. la.) 

Broth , — ^The appearance is very characteristic. Numerous small, isolated, spherical 
tufts make their appearance throughout the liquid, adhering to the sides and bottom 
of the tube. (See Plate 18, No. Ic.) The liquid, which is quite clear, becomes of a 
deep sherry colour. 

A'ffgearanoe on plate-cuUifxUion . — ^The colonies appear as cream-white disks, each 
of which is surrounded by a cloud of brown colouring matter extending over a distance 
many times the diameter of the colony. 

Under a low power (X 100) the colony is seen to consist of fine branching threads 
radiating from a central tangled mass. 


* This flurface-growth ia of such a tough nature that it is with some difficulty that a portion can be 
rei2ioTed TTith a platiiiiim*iieedle. 
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[Plates 21 — ^24.] 

Ix 1872 I described (* Pbil. Trans./ 1873, On the Organisation of the FossU Plants 
of the Coal-Measures— Part IV:'), under the name of Heterangium Grievii, Sue of 
the most interesting of the various plants which I discovered in the Burntisland 
deposit of Carboniferous limestone at Kinghom. More recently we have obtained, 
from the Halifax beds, a very distinct plant, which, though differing in many 
important features from H Ginevii^ resembles it so closely in others that I propose to 
include it in the same genus, imder the name of Heterangium Tihccoides. Its central 
medullary axis, A, differs in no conspicuous manner from that of H. Grieni when 
transverse sections of the two are compared. 

Fig. 1 represents such a section enlarged 1 5 diameters, the medullaTv portion being 
seen at A, and a similar section is sho^^m at fig. 2, A ; whilst fig. 3 represents a 
small portion of a section enlarged 103 diameters. From the latter of these sections 
it will be seen that this medullary axis consists of irregular clusters of vessels or 
tracheids, &, the intervals between which are filled with ordinaiiy parenchyma, o. 
The vessels near the periphery of this axis are smaller tlian those constituting the 
more central bundles — a feature best shown in fig. 2, The character of these 
vessels will be referred to immediatdy. 

Closely surrounding the medullary axis is a well-defined exogenous zone, B, 
This consists of a circle of vascular wedges, o; each wedge being composed of a 
number of laminse which spring from a cluster of the sma ll e r vessels, h , wliich form 
the periphery of the medullary axis. At their meduUaiy extremities the more external 
of the laminsd, fig. 4, c?, composing each wedge, bend mwaxds towards its more central 
ones, so that each bundle represents an obtuse wedge-shaped group of such laminm 
separated from a similar group on either side of it by a primary medullary ray 
(figs. 1, 2, and 4, g). The vessels of each lamina increase in size from within 
outwards, and between each one or two laminm (fig. 4, d) we find secondary medullary 

OT>COC3LXXXVn. — B. 2 P 30.9.87 
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rays (fig. 4, h). A cambium layer obviously existed along the lines i, i, of figs. 1, 2, 

and 4, _ i x • j.* 

Externally to the xylem zone, B, we have what constitutes the most characteristic 

feature of this plant, viz., a true phloem zone, C. Each of the phloem-masses, 

it, conesponds in breadth to that of the xylem wedge to which it belongs. ^ In 

many of these phloem-masses their component tissues are preseived only in a 

compressed or disturbed condition ; but in the figure, Plate 21, fig. 4, h, we discover 

transverse sections of cefis and tubular structures of various sizes, which exhibit a 

strong tendency to arrange themselves, especially at the iimer portion of the phloem, 

in radial lines. In this example the xylem portion of the bundle extends laterally 

from g to g. The phloem, k, extends upwards and outwards in this figure until its 

peripheral mar^n comes in contact with the inner one, p, of the true cortex. This 

illustration is enlarged 48 diameters. 

The large primary meduUaiy rays which separate the xylem portions of contiguous 
fibre- vascular wedges or bundles now expand, as they proceed outwards, into magnificent 
primary phloem rays (Plate 21, fig. 1 ; Plate 22, fig. 2 ; and Plate 21, fig. 4 ; n, n). 
The botanist will at once recognise the remarkable resemblance of these conspicuous 
phloem rays to those occupying a corresponding position in the phloem of the cominon 
liime, which resemblance has led me to adopt the specific name of TilitsoidBS for this 
species of Setevangium. Each of these rays, as seen in transverse sections of a 
stem or branch, fig. 4, n, becomes broadly trumpet-shaped as it proceeds outwards 
from the extremity of the medullary ray, g, of which it is an extension. The large, 
more or cubical, parenchymatous cells composmg it are arranged in irregularly 
curved lines, the concavities of which are directed towards the medullary axis. Ex- 
ternally these cells merge with those of the inner cortex, p. Secondary and smaller 
phloem rays, extensions of the secondary medullary rays, A, can also be traced in all 
the transverse sections. They are snfiSoiently distinct in the phloem, h, of the isolated 
wedge, c, of fig- 5. 

The cortex, D, is separable into two layers, an inner one, p, and an outer one, r. 
The irmer one (figs. 1, 2, and 4, p, p) consists of a comparatively uniform parenchyma 
which presents no special features of interest. The outer cortex, r, r, transverse 
sections of which are seen in figs. 1, 2, and 6, is somewhat more complicated. It 
consists of parenchymatous cells df variable forms and sizes. As seen in figs. 2 and 6, 
the inner cells, r, are much larger than the outer ones, r', r' . The orifices, w, w, of 
fig. 6 are merely worm-borings and not normal cavities. Two important additional 
structures exist in transverse sections of the outer cortex. One of these consists of 
transverse seoblons of ascending vascular bundles grouped in pairs. In Plate 21, fig. 1, 
two impei&ct examples of these twin arrangements are seen at u and u' ; two such 
bundles are enlarged 51^ times in Plate 22, fig. 7, tt, u, and a similar pair of still 
larger (Hies is enlarged 20 diameters at u, u, of fig. 8. 

The second starocture seen in transverse sections of the outer bark consists of 
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TnflfigftHj of unequal size and shape, of sclerous cells. Examples of these are seen at 
e, t, in Plate 21, fig. 1, Plate 22, fig. 2, Plate 21, fig. 6, and Plate 22, fig. 8. The true 
relations of these masses of sderenchyma will be seen on examinmg the vertical 
sections of the cortex. 

Plate 3, fig. 9, represents a vertical section made radially, and passing through the 
medullary axis at A, the exogenous xylem zone at B, the phloem zone at C, and the 
innermost border of the inner cortex at D. This section has passed from above 
downwards in a slightly oblique manner, so as successively to intersect five of the 
vascular laminse, d, and the intervening secondary medullary rays, h, of the fibro- 
vascular bundle through which the section passes. Each of these alternating layers 
comes successively into view as we pass from the upper to the lower margins of the 
Plate. As is so often the case with the fossil Cryptogams, we find the cubical paren- 
chymatous cells of the medullary axis, Plate 23, fig. 9, a, a, exhibiting a tendency to 
arrange themselves in vertical lines and with approximately rectangular horizontal septa. 
The vessels or tracheids, h, of tliis axis vary much in diameter. As abeady pointed 
out, those at its periphery and in contact with the inner surface of the xylem cylinder 
are very small ; but the largest of those seen in the isolated bundles (Plate 21, fig. 3, h) 
have a mean diameter of at least too = ’001 of an inch. More externally we have 
the vessels of the exogenously, developed xylem, the lamin® of which are arranged in 
parallel radiating series. Their innermost vessels (Plate 23, fig. 9, e) are much smalla- 
ttian the more external ones, d, of the same lamina. The latter have a mean diameter 
of finm — '0008 to TaSo' ~ '00062, 

Alternating with these laminm of vertically disposed vessels, we have, at Plate 23, 
fig. 9, hy 7i, the secondary medullary rays composed, in these radial sections, of horizontal 
lines of cells arranged in a mural manner. In tangential sections of this exogenous 
xylem we find each of these secondary rays composed of one or two vertical seri^ of 
cells, much compressed latei-ally. At C we obtain a radial section through the phloem 
zone of the stem. Here, again, we find numerous long, narrow, vertically arranged 
tubes (fig. 9, 1) alternating with murally disposed masses of cells, h, constituting the 
primary or secondary phloem rays. The tubes have a mean diameter ~ 00031 
of an inch. Of course it is to he presumed that these tubes may be regarded as 
representatives of the sieve-tubes of the higher Phanerogams, but I can detect in 
ao traces of transverse septa, or of any structural pecnliaritms justifying my 
that they are actually sieve-tubes. It must be remembered that we are 
equally unable to verify the identity of the similar tubes iu the phloem of the 
Selaginell® with the true aeve-tubes of Ferns and of the Phanerogams.* 

Plate 21, fig. 10, represents a tangential section of the phloem of our plant. 'VYo 
here see that the tubes, 7, just described, display a tendency towa^ an undulating 
arrangement, the spaces between the curves of which enclose horizontally disposed 
lines of cells. I have already called attention to the feet that transverse sections 
• See Db Baht, ‘ Comp. Aimtomy of Phanerogams and Perns* (Engl. p. 183. 
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like Plate 21, fig. 4, C, seem to indicate some disposition on the part of these phloem 

tubes to aiTange themselves in radial lines, 

lladial sections of the inner cortex (Plate 23, fig. 9, exhibit no peculiarities in 
the fom and aixangemeiit of its parenchymatous cells requiring special notice, except 
one shortly to be referred to. It is otherwise with the outermost cortex r, of part of 
which a longitudinal section, enlarged 81 diameters, is shown in Plate 22, fig. 11. 
The peripheral layer is wanting in this preparation. It shows, however, at r, r, the 
coarse parenchyma seen in the section, Plate 22, fig. 2. It also exhibits three thick 
bands of sclerencbyma (Plate 22, fig. 11,/, t, t) corresponding to the dotted patches 
of the same tissue seen in figs. 1, 2, and 8. The cells forming these horumntal bands 
have a mean diameter of fi’om “ "00062 to — ‘0005 of an inch. One 
longitudinal section in my cabinet exhibits one of the twin vascular bundles already 
described (%. 8, u, u) passing upwards and outwards through the cortex. 

Plate 23, fig. 12, is a tangential section through the exogenous xylem of a stem or 
branch which is giving off a true branch, w. We have the xylem zone at B, a little 
of the phloem at C ; the inner cortex at y, and the outer cortex at r, with three of 
the horizontal masses of sderenchyma at «, t, t. The section has not been made 
exactly parallel with the axis of the main stem ; hence it has cut obliquely through 
the considerable branch at w. This branch has evidently originated in a tortuous 
deflection of the xylem vessels, which have only attained to their noimal arrangement 
in regular radiating laminae in the more external semi-diameter of the branch. The 
complete development of these radial vascular laminse would only be attained at a 
higher point of the Lranch where it became entirely firee fi."om the parent stem. The 
identical development of a MTnila.r branch of Sdloonylon Sodk^vi is shown in Plates 6 
and 7, figs. 32, 33, and 34 of my Memoir, Part YII. (‘Phil. Trans.,’ 1876). The 
branch, la, of fig. 12 is invested by an imperfectly preserved layer, of the inner 
cortirad zone. The figure is enlarged 13 diameters. 

The resemblance in the origin of the branch just described to that of Kcdoxylon 
Eooheri is also farther sustained by the spedmen represented in Plate 22, fig. 13. 
In figs. 32 and 38 of the Kaloxylon referred to above, the branch is seen to be given 
off opposite to a large primary medullary ray ] the two vascular wedges bounding 
that ray on its two sides contributing equally their supplies of vessds and cells to ike 
formation of the branch. Fig. 13 exhibits identical conditions. In it we have the 
large primaiy medullary and phloem ray, bounded on its two sides by the lateral 
vascular of the two vascular wedges, c, o'. A mass of tracheids and vessels, 

e, o', is being given off from the peripheral angle of each of these two wedges ; these 
zDeet beyond the outer boundary of the primary phloem ray, n, where they unite to 
form the rudiments of the hrandi, w. The abundance of short tracheids at this point 
rezmnds us of the siwiila*" devdopment of these dements where roots or branches are 
being givmi off by the stems of living vascular Cryptogams. 

There jyet remains to be oonddered the character of the vessds and tracheids which 
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enter so largely into the composition of this stem. In the t\rin bundles (Plate 22, 
figs. 7-8), going off to ■what, both in ■this plant and the aSasA. Heteronginm Grievii, 

I presume to have been petiolate leaves, the vessels are mainly of the barred or spiral 
type represented on Plate 22, fig. 14. In the other vascular organs they appear, as 
represen^ted in fig. 15, ■to be reticulated; but more careful examinations, aided by 
higher microscopic powers, show that all these vessels are furnished with the bordered 
pits seen in Plate 21, fig. 16, the canals of which are all narrow, oblique, and parallel to 
one another. In the larger proportion of these vessels and tradieids the canals alone 
remain visible, as in Plate 22, fig. 17 ; hut in fig. 18 we see the transition fi,*om the 
one form to the other in the same tracheid or vessel. At e we have in each pit both 
the central canal and its investing areole ; but at e' all the areoles have disappeared, 

I presume during mineralisation, the oblique canals alone remaining; 'hut that each 
fig^n.1 was originally surrounded by its own areole is imquestionable. 

One more curious feature is presented by this plant. In Plate 22, fig. 5, we have 
the exogenous xylem zone at B in its normal position relatively to the medullary 
axis A. But the two fibro-vasculax bundles or wedges c, o', are being pushed out- 
wards by a mass of parenchyma, s, which has developed on the inner side of the two 
bundles separating them fi'om ■the medullary axis. 

It will fiirther be noticed that each of these bundles carries away ■with it, on i^ts 
inner side, a cluster of the medullary vessels h, h, suggesting the probability that the 
oellulax mass, z, has really been an outgrowth from the meduUaiy cells, since it must 
have originated fi:om the central side of the two clusters of medullary vessels h, h, 
which it has been instrumental in pushing outwards. I discover no due to the desti- 
nation of these displaced fibro-vascular bundles ; but they remind us of somewhat 
similar conditions seen in the stems of I^ginodendron Oldhamivm. 

"F ig . 19 represents a cluster of cortical cells, enlarged 187 diameters. Cells m this 
condition are extremely abundant in the cortical layers. At the first glance they look 
like cells -with thickened ceU-waUs, but they are constantly found in dose associa- 
tion with cells belonging to the same parts of the plant, the walls of which exhibit 
no such thickening, hence the effect is possibly due to some condition of mineralisa- 
tion which has produced deposits of various amounts within the cell-walls. 

The next plant requiring further notice is the Koloxylon Sookeri, which I first 
described in my Memom, Part VII.* The specimens described and figured on Plates 5, 
6, fl-nd 7 of ■that memoir were all obtained firom one of the Oldham localities, and, as 
is not seldom the case with the fossil plants fi'om that quarter, their cellular structures 
are ill-defined through defective mineralisation. But for several years past we have 
obtained examples of a Kcdoxylon itom the HaKfax beds which are in a veiy different 
condition. These specimens long ago showed that the cortical zone possessed 
peculiarities of structure which the Oldham examples had not revealed to me ; but 
on re-examining those examples, guided by the light thrown upon them by those 

• * PhiL TraDfl.>’ voL 166, 187t>. 
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from TTnli'fnf j I soon found that the cortical tissues of the two forms had been 

identical. » i • v i. 

At the same time, the Halifax specimens had peculiarities of their own which 

seemed difScult of explanation. The forms most generally met with at Oldham were 
of the type represented in my earlier memoir by the two figures, Plate 5, figs. 23 and 
26, in which six large exogenously developed vascular wedges radiated from what 
appeared to be a central vascular axis. At that time I was unable to diBco\ er any 
cellular tissue in that axis ; I have since obtained three or four examples like those 
just referred to, from Halifax, one of which is represented in Plate 23, fig. 20, of the 
present memoir. But most of the Hs i lif ax specimens are like those seen on Plate 24, 
figs. 22 and 27. 

That fig. 20 is the Kaloxylon Uooheri of my former memoir is unquestionable. In 
that memoir I called attention to a special development of cells at the free extremity 
of each of the six radiating vascular wedges (Zoc. ctf., p. 15). The cells occupying the 
peripheral ends of the six primary medullary rays separating the six radiating vascular 
wedges were enclosed w ithin a wavy line round, and at a little distance from, the end of 
each of those wedges, where “ they enclose a small serai- lunar area (jy) co-extensive with 
the diameter of the wedge, and which is occupied by a distinct form of cellular tissue. 
I nhAll shortly give my reasons for believing that this latter tissue is a quasi-cambial 
meristem laver, which is concerned in the formation of the newest exogenous vascular 
growth.^’ 

More extended investigations into the structure of this curious plant lead me to 
the conclusion that the above extract embodies a truth, but not all the truth. 
Plate 23, fig. 20, represents an excellent example of this stem from Halifax. As in the 
corresponding Oldham examples, the central axis is a bundle of vessels apparently 
unmixed with any cellular tissue. The radiating wedges, c (which are here five, not 
tri-gj in number), and their five inteirvening primary medullary rays, ff, do not differ 
from those of the Oldham forms. But the semi-lunar areas of the Oldham specimens 
represented in fig. 15, g, of the memoir quoted in the above paragraph are dearly 
seen in fig. 20, k, k', of this memoir, to be the true phloem-masses of the several 
radiating wedges, and not a quasi-cambium as previously surmised ; but which must, 
when the plant was living, have haji a tine cambium separating the inner border of 
each phloem from the periphery of the xylem. Plate 23, fig. 21, represents the phloem 
of the radial bundle, k, of fig. 20, enlarged 62 diameters ; at p' we have the long 
narrow cells of the innermost margin of the cortex pursuing their undulating course, 
sweeping outwards opposite the ends of the xylem-wedges to make room for the 
phloem-masses, k, Jf, and curving inwards when crossing the outer ends of ihe primary 
medullaiy rays, g, y, as at g/'. There can be no doubt, therefore, that the Kaloxylon 
Mookeri was a true exr^^n, baving a perfect cambium, which developed both xylem 
and phloem, but tiie traces of which cambium are but very imperfectly, if at all, 
preserved. 
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Plate 24, fig. 22, is a form fi’om Halifax, in which the central axial bundle is in 
process of development, but in which no exogenous growth has yet taken place. Its 
thick cortical layer, r, from its hypodermal portion to within a short distance fi:om the 
vascular bundle, has been very uniform in its composition. This structure was, as I 
have already observed, imperfectly preserved in the Oldham specimens, but soon after 
my description of the latter was published I obtained from Halifax several of those 
now described. The parenchyma of this cortex has been thin-walled, and the forms 
of its cells apparently rather irregular ; but scattered amongst the latter are numerous 
long, narrow, longitudinally arranged canals, /. It is not quite easy to determine 
whether these canals are true tubes or merely intercellular passages. Plate 23, 
figs. 24 and 25, demonstrate that each canal is enclosed by a wall, /, vrithin which we 
constantly find a black substance, evidently moulded upon the interior of this wall, 
either in the form of a solid rod, as in fig. 24, r", or as a hollow cylinder, as in fig. 25, 
r". The wall, r^, may either be a true one belonging to the canal, or it may only 
consist of the coalesced walls of the surrounding cells. Seeing how long different 
opinions prevailed respectmg the structure of such organs as the so-called laticiferous 
vessels, a determination of such a point in the case of fossil plants may well be doubtfuL 
That these passages have been gum or resin canals may be inferred from the large 
amount of the black carbon which they so often contain. Fig. 26 is a section of a 
specimen from Halifax, in which five vascular wedges have undergone a considerable 
development, though much less than fig. 20. The inner ends, cZ , cZ , of the vascular 
lamin® composing each wedge curve away from its centre, converging towards similar 
laminae belonging to contiguous wedges to form a series of semicircular curves. I 
frirther discover in similar specimens a few parenchymatous cells creeping in amongst 
the vessels, e, of the central axis. Such examples constitute connecting links between 
the type represented in fig. 20 and others yet to be described. The phloem masses 
are again visible at h, k The epidermal layer, so extremely characteristio of this 
plant, is here thicker than usual, consistuig of from three to four cells in breadth, the 
ordinary number being two or occasionally three. 

The specimen just described conducts us to fig. 27, which is an excellent example of 
the type most frequently obtained from the Hali&x deposits. Its medullary axis, 
which is of large sise compared with that of fig. 20, has an Relating peripheral 
outline of a pentagonal or hexagonal form ; some spedmens having the former, others 
the latter contour. The conspicuous bundle of vessels, e, are now largely inter- 
mingled with a delicate parenchyma, a. We find here no exogenous growths, unless 
the single continuous line of vessels, e", seen bounding each peripheral concavity with 
more or less regularity, is to be regarded as the first of a series of such gro^. 
This vasculo-cellular axis is completely invested by a zone of extremely delicate 
parenchyma, p, the innermost portions of which, especially where they fill the con- 
cavities, p\ of the peripheral outline, consist of very minute cells. Other s^imens, 
resembling fig. 27 in most of their features, exhibit a wavy line ot cortical cdls. 
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indicative of the beginnings of exogenous development by the formation of phloem 

elements like those of fig. 26, Jc. . . i • j* i 

The specimen before us possesses additional interest from displaying a longitudinal 

section of what appears to be a rootlet, y, sprin^ng fi'om the periphery of the 
medullary axis at and pursuing its outward way through the bark. We see no 
vessels in this rootlet, since the section has only passed through the ceUular zoiies 
forming its cortical cylinder; but another similar specimen in my cabinet exhibits 

such vessels in their normal central position. 

I may now call attention to a remarkable series of objects, chiefly from Oldham, 
which are certainly organs of the plant under consideration. They vary in relative 
size from that represented at Plate 24, fig. 28, to %. 37. So far as their general 
features are concerned, these objects differ but little from each other. In all we have 
the epidermal layer enclosing the cortex r, in the centre of which latter is a 
vascular bundle e. The chief interest of these specimens resides in the illustration 
they afford of the gradual development of this vascular bundle, and the conclusions 
suggested hy that development as to the nature of the objects to which the bundles 
bdlong. Being from Oldham, the cortex r of each of these specimens is in the 
same imperfect state of preservation as characterised those figured in my Memoir, 
Part Yn. ; hut, as the vascular bundle is now the object under consideration, this 
defect is of no present importance. 

In Plate 24, fig. 28, we find the section of the bundle e of an oblong form. There 
are feint traces of small vessels ^ven off from each side of the centre of this bundle, 
but they are too indistinctly preserved to be relied upon. In Plate 23, fig. 29, we again 
discover the bundle at e, and at Plate 24, fig. 29 a, this bundle is enlarged 182 diameters. 
Most of the structures in this latter figure are certainly vessels or tracheids. A few of 
those marked p, p, may possibly be inner cortical cells. We here see the section of the 
bundle approatdiing a triangular, if not a quadrangular, contour. In Plate 24, fig. 30, 
c, we have a fine bundle from a Halifax specimen, enlarged 156 diameters, enclosed 
within a mass of Hmall cefis, p, which in turn are surrounded by the ordinary cortical 
paTenchjma, p'. In this bundle we have a striking resemblance to that of a tetrarch 
rootlet which bad developed oentripetally ; the vessels at the four primitive points 
of apparent protoxylem being very smEdl, whilst the central ones, assumably of later 
growth, are of much larger size. Such was long my interpretation of this and similar 
epedmemv but we shall see that the further study of other examples throws serious 
doubt upon the accuracy of this determination. Plate 24, figs. 31 aud 32, represents 
transverse sections of two other bundles, the former enlarged 77 and the latter 99 
diameters. Both these bundles, which are from Halifax specimens, present the 
same quadrate form, suggestive of a tetrarch origin, aa %. 30, and each bundle is 
imbedded in an investment of extremely delicate parenchyma^ obviously identical 
with that sDTTOTmding the vasoulo-ceUular axis of Plate 24, filg, 27. 

Plate 24, fig. 33, is a still smaller spedmen of the type of fig. 28, from Oldham, 
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enlarged 39 diameters; its vasculai’ bxmdle is shoTvn, enlarged 187 diameters, in 
fig. 33a. This example closely resembles a triarch rootlet-bimdle. Plate 24, fig. 34, 
is yet smaller, also from Oldham, and enlarged 39 diameters. Its bundle, e, enlarged 
187 diameters, is represented in fig. 34a. It now consists of but six vessels. Figs. 35. 
36, and 37 are three sections of these I’oot-like structures fi*om Oldham, becoming 
successively smaller, so that in fig. 37 the epidermal layer, now consists only of a 
single layer of cells enclosing but a very small number of cortical ones. The vascular 
bundle of fig. 35, seen at fig, 35a, is now distinguished with difficulty from the cells 
by which it is siurounded. So far as I can determine, it consists of the five vessels 
marked e, e. In like manner, the bundle of fig. -36, represented at fig. 36a, seems to 
consist of the three vessels marked e, e ; whilst that of fig. 37, shown at fig. 37a, 
seems to consist of the two vessels indicated by the same letters. All the Oldham 
specimens just described, viz., figs. 28, 29, 33, 34, 3.5, 36, and 37, belong to one great 
cluster of root-like examples crowded together in one slide ; amongst them are other, 
more completely developed specimens, showing that the entire series belongs to 
Kaloocylon Hooheri My first impression was that the whole cluster consisted of a 
series of rootlets, and the study of such examples as figs. 80, 31, and 32 not only 
seemed to confirm this opinion, but to show that they were rootlets with a tetrarch 
development of -their several primary xylem bundles. But on tracing the development 
of those bundles downwards through such examples as figs. 34, 85, 36, 37, it became 
evident that, if the objects of which they formed a part were rootlets, the bundles had 
not been developed centripetally in the way characteristic of living rootlet-bundles, 
and whidh also was the case with other plants {e.g., Stigmaria Ficoides) that lived 
during the Carboniferous age. Nevertheless, it is difficult to believe that these organa 
have been other than roots ; though the apparently centrifugal growth of their 
bundles is more suggestive of an axial cauline development than of radicular 
structures.* 

We may now ask : Can any light be thrown upon the systematic affinities of the 
two plants Heterangium Tiliamdes and Kaloxylon Hooheri, described in the preceding 

• [1 find amongst the Oarboniferona plants other examples of what appear to be branching etema, 
whidh SiTnifiiab gradnally in diameter, nntil, as in the instance described in the text, they become 
extremely slender. At the same time that they are re^pced in size, they rapidly increase in the number 
of the transverse sections of them that are met with in onr slides. The BacMopteru Oldhauium, 
desoribed in my Memoir, Part VI. (‘ PhiL Trans.,' Part 2, 1874), presents these conditions. The figures 
20-24 on Plato 68 of that memoir show a gradation of diameters of sections from ahont T25 to -006 
of an inch ; yet none of these sections display the slight est trace of any foKar appendages. Stems thns 
giadnaUy ^^iTnininbrng in. diameter, whilst their nnmbers are multiplied, must he reduced either to the 
oonditaon of afirial twigs or of subdividing roots and iwtlets. If the former, where are their foUiar 
appendages P If the latter, why do not their fibro-vascalar bundles show the symmetrical arrangement 
Vl lin g of the centripetal development so characteristie of the proto-^^lems of all roots ? Of conrso the 
idea suggests iteelf that these curious dbjeots may have had some rdationahips with the rootless su^ 
branahes of Failotum, though many difiSculties interfere with onr ready acceptance of this 
explttiuktion. — Atignst 12 th 9 1887-3 

ItSCOOIiXXSVn. — 2 Q 
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pages 1 One fact is undeniable, viz. : that certain portions of them, obviously steins 
or branches, possessed, when living, a true cambium which developed xylem and 
phloem in a normally exogenous manner. The same statement applies to two other 
plants described in previous memoirs, and which must be considered along with those 
just named. These are Lygitiodendron Oldhamium and Hetemngivm Grievii ; beside 
which dose affinitipa appear to exist between the Lyginodendron and Eachiopteris 

aspera, also described in the Memoir, Part VI. 

Canals, precisely like those in the bark of Kdoxylon SooTteri, exist equally in the 
inner bark of Lyginodendron and of Rachiopteris aspera. The latter is unquestion- 
ably a rachis of a Pern ; whilst the- former displays a wondmfuUy exogenous 

development of its i^lem zone. I have more than once, in previous memoirs, 
suggested that the R. aspera was the petiole of the leaf of the L/ginodendron ; and 
my friend, the Count de Soljis, of Gottenburg, who has obtained numerous examples 
of these two plants from the Westphalian deposit at Pith YoUmond, has arrived 
independently at the same condusion. If we are correct in this supposition, we have 
now, for the first time, in Lyginodendron OWiamium, a Fern of which the stem or 
rachis exhibits a highly developed form of exogenous growth. This &ot in some 
degree influences our interpretations of the tvro spedes of Seterangium, in both of 
which we find in the outermost bark the remarkable horizontal bands of dense 
sderencbyma represented in Plate 22, fig. 11, of the present memoir, and in 
Plate 29, fig. S2, h', and Plate 31, figs. 45, 47, and 49 of the Memoir, 
Part TV., in which Seterungiiim Ghriecii was first described. This remarkable 
peculiarity in the structure of the outer cortex of these two plants has led to a 
careftd search for any fossil stems, with their foliage at'tached, in which a s imi l a r 
structure seemed to exist. Some months ago Mr. Sidbon sent me some stems which 
he believed to belong to Sphenopteris eleganSf the cortex of whidx displayed an 
exactly flimiUr series of thickened horizontal paralld. bands. Still more recently he 
received from my friend Professor von Weiss, of Berlin, and forwarded to me, a 
beautiful specimen of an exactly identical stem, attached to which are the unques- 
tionable pinnules of Sphenopteris elegans. So fer as these internally structureless 
spetimens aflect the question, they suggest the possibility that both the spedes of 
Hetemngium may also prove to be Ferns. At first sight, remembering the exogenous 
growth developing both xylem and phloem, as well as the discigerous tracheids of 
ffeterangium TilicBoides, this idea seems to be a m(»t improbable one ; but it is no less 
probable than that Lyginodendron Oldhamium belongs to the group of Ferns, which 
lattm- Qondudon has now made a near approach to certainty. 

The extraordmary vasculo-oelLular structure of the medullary axis of the two 
Seterangiums finds its paraUel in such ^samples of Kaloxylon Hooheri as that repre- 
sented in Plate 24, fiig. 27, of the present memoir. To see anything approaching 
this structure in other plants, we must go back to the somewhat similar central axis of 
Lepidodendron Selaginoides (Memoir, Part XL, filgs. 8, 5, and 10), which presents 
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equally anomalous combiuatious of internal structure, that remove it far from any- 
known living form of vegetation, though, it is an unquestionable Lycopod. 

We thus Ml, for the present, -to reach anything beyond probabilities respecting the 
true afEbities of -the plants described in this memoir ; but, whatever may he finally 
determined as to their real tystematic position, one thing is certain, viz., that in their 
internal organisation they present combinations of tissues that find no representatives 
amongst living plants. Possibly they are the generalised ancestors of both Ferns and 
Cycads, which transmitted their external contours to the former and their exogenous 
modes of growth to the latter types. In considering this possibility, we must not 
forget that in Stangeria we have a stUl living plant in which the stem of a Cycad beam 
fronds, the leaflets of which retain the dichotomous nervation of a true Fern. The 
Stangeria has retained, not only the primitive exogenous stem of some ancestral type, 
in common with its other Oycadean relatives, but also the peculiar Fem-like leaflets, 
which may also have come down to it from Palssozoic times. Hence we have here a 
combination of Fem-like features and of an exogenous mode of gro-wth. Sudi iDeing 
the case, it need not startle us if we have to conclude that a sunilar combination 
existed during the Carboniferous age. 

In ringing this memofr, I have again to thank Mr. Spen'CEE and Mr. Bikxs, of 
TTulifa-g for the specimens with which they have so kindly supplied me. But my 
thanks are most specially due -to W^UjUAII Cash, Fsq. Resident on the spot, his 
incessant vigilance in seeking for new material and opening out new sources of supply 
bftH a value to me of which I can scarcely speak too highly. 
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Im)EX TO THE Plates. 

Letters of reference, to the figures of Heterangium Tilweoides. 

Plates 21 and 22, figs. 1-19. 

A, Yasoub-cellular meduUaiy axis. 

а, Medullary cellfl. 

б, „ vessels. 

B, Exogenous xylem. 

c. Vascular wedges or bundles. 

d, „ laminee. 

e, f. Vessels or tracheids.* 
gr, Primary medullary rays. 

\ Secondary „ „ 

«, Cambialline. 

C, Phloem zone. 

h. Phloem of the vascular bundles. 

Z, „ tubes. 

m, „ parenchyma. 

n, Primary phloem rays. 

0, Secondary phloem rays. 

D, Cortex. 

;p, Inner cortex. 

r. Outer „ 

s, Cortical cells. 

Z, Cortical bands of sclerenchyma. 
u, Doable vascular bundles. 
w, Lateral branch. 

* I liava employed tliese two terms thronglioxit the memoir without attemptmg to detenuLue irhioh 
them may he i^plioahle to the ohjeots desoribed. It is imposaihle to distmguiBli vessels from traoheids 
these Garhonii^us foesd plants. 
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Kgnre. 

Pl&te. 

Seterangiuni TUi/Poides, 

1 

21 

Transverse section, of a stem. X 15 diameters. Cabinet number 
1802, pp. 289, 290, 291. 

2 

22 

Portion of a transverse section of anotber specimen. X 12 
diameters. C. N. 1303, pp. 290, 291. 

S 

21 

Portion of a transverse section of a medullary axis. X 103 
diameters. C. N. 1301, p. 289. 

4 

21 

Portion of a transverse section showing the phloem of a vascular 
wedge or bundle, and parts of two phloem rays. X 48. C. N. 
1303, p. 290. 

5 

22 

Part of a transverse section with two wedges or vascular bundles 
being pushed outwards for some unknown purpose. X 24 

C. N. ISOS, pp. 290, 293. 

6 

21 

Part of a transverse section of the outermost cortex. X 31. 

C. N. 1303, pp. 290, 291. 

7 

22 

Transverse section of a pair of the twin vascular bundles passing 
outwards through the outer bark. X 51^. C. N. 1623, p. 290. 

8 

22 

Two other twin btmdles. X 20 diameters. C. N. 1302, pp. 290, 291. 

9 

23 

Obliquely longitudinal section through another stem, showing the 
tissues of the medullary axis, the exogenous xylem, phloem, and 
part of the inner cortex. X 86 diameters. C. N. 1628, p. 291. 

10 

21 

Tangential section through the phloem of a fibro-vascular bundle. 

X 14 diameters. C. N. 1622, p. 291. 

11 

22 

1 

j 

Vertical radial section through the external cortex, showing three 
of the horizontal bands of sclmrenchyma. X 31 diameters. 

0. N. 1304, p. 292. 

12 

23 

Vertical section through a stem, giving oflf a lateral branch, which 
is intersected in an obliquely transverse manner. C. N. 1 622,p. 292. 

13 

22 

Transverse section through one primary phloem ray and portions 
of two vascular wedges, each of which latter is giving off a 
duster of tradieids to supply the vascular dements of a lateral 
branch. X, 51 diameters. 0. N. 1619, p. 292. 

14 

22 

A epiral vessel from a small bundle passing outwards to some 
lateral organ. X 112 diameters. C. N. 1301, p. 293. 

15 

22 

A reticulated vessd from the exogenous xylem of a stem. X 112 
diameters. 0. N. 1621, p. 293. 

16 

21 

A vessd with bordered pits fi’om the exogenous zone of a stem. 

X 187 diameters. 0. N. 1621, p. 293. 
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Figure. 

Plate. 

Sefera/ngitim TiUcBoides. 

17 

22 

A vessel only showing the canals of the bordered pits. X 112 
diameters. C. N. 1621, p. 293. 

18 

1 

22 

t 

A vessel the lower part of which exhibits the bordered pits as in 
fig. 16, whilst in the upper part the canals alone are seen. 

X 184 diameters. 0. N. 1622, p. 293. 

19 

21 

duster of cells firom the cortex having the appearance of sclerous 


i 

ones. Due probably to mineralisation. Page 293. 

1 


Letters of r^erence to the figures of Kaloxylon Hookeri. 
Plates 28 and 24, figs. 20-37A 

A, Medullary asis. 

a. Medullary odls. 

&, Vessels of medullary axis. 

B, Exogenous xylem. 

c, Vascular wedges. 

(2, „ laminm. 

e, Vessels and axial bundles. 

Primary medullary rays. 

A, Secondary „ „ 

i, Oambudline. 

A, Phloem. 

Innermost cortex, 
p". Epidermis. 
r. Outer cortex, 
r', Canals of outer cortex, 
y, Rootlet (?) 
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Figure. 

Plate. 

Kdlosnjion Sookeri. 

20 

23 

Transverse section of a stem with its axial vessels, exogenous 
•wedges, and phloem, from Halifax. X 32 diameters. C. N. i 
1238, p. 294. j 

21 

23 

Transverse section of the peripheral end of a vascular Avedge of j 
fig. 20, -with its pTilnom endosed ■within the ■wavy outline of the ^ 
endoderm or inner border of the cortex. X 63 diameters. 

0. K 1238, p. 294. 

22 

24 

Transverse section of a specimen from Halifax devoid of any 
exogenous zone, but with numerous tubular lacunae in its cortex. 

X 51 diameters. C. N. 1234, p. 295. 

23 

• • 

By accident no corresponding figure. 

24 

23 

One of the laeunse of the cortex forther enlarged, and ■with a solid 
carbonaceous substance in its interior. Page 295. 

25 

23 

A niTnilfl-p lacuna ■to fig. 24, only ■with the carbon m its interior in 
the form of a ring. Page 295. 

26 

23 

A tiransverBe section from Halifax, the centre of which approxi- 
mates to that of fig. 22, but which centre is surrounded by 
exogenous bundles with phloem elements. 0- N. 1233, p. 295. 

27 

24 

A 6Tift transveise section fifom Halifax, with a considerable 
development of parenchyma in its vasculo-meduUaty axis, from 
the periphery of which a rootlet is being given ofiE X 51 
diameters. 0. N. 1629, p. 295. 

28 

24 

1 

1 

Transverse section of a rootlet (?) from Oldham. X 39 diameters. 

C. N. 1239, p. 296. 

29 

1 23 

1 

1 

A second, rather smaller, section like fig. 28. X 39. 0. N. 1239, 

p. 296. 

29a 

1 23 

Transverse section of the vascular bundle of fig. 39. Enlarged 
187 diameters. Page 296. 

30 

' 24 

Centre of a section from Halifax, Avith a quadrangular vascular 

1 

1 

1 

huudle surrounded by a cylinder of small cells. X 156 diameters. 

1 C. N. 1629, p. 296. 

31 

f 

' 24 

1 

1 

1 

1 

Obliquely transverse section of a vascular bundle of a specimen 
resembling fig. 80, Avith. a quadrangular bundle surrounded by a 
delicate paiencbyina. X 77. 0. N. 1234, p. 296. 

32 

24 

A ■transverse section of a second example like fig. 31, from Halifax. 

X 99. C. N. 1629, p. 296. 

88 

24 

A transverse section of a small rootlet (?) from Oldham. X 39 
diameters. 0. N. 1239, p. 296. 
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1 

Kgare. 

Plate. 

Kaloxyhti Sookeri, 

1 

j 33 a 

24 

The vascular bundle of fig. 33. X 187 diameters. Page 297. 

i“ 

24 

Another section, yet smaller than fig. 33, from Oldham. X 89. 
C. N. 1239, p. 297. 

34a 

24 

Vascular bundle of fig. 34. X 187 diameters. 

35 

24 

Transverse section of a still smaller rootlet from Oldham. X 39 
diameters. C. N. 1239, p. 297. 

35a 

1 

24 

Vascular bundle and some attached cells of fig. 35. X 187 
diameters. C. N. 1289, p. 297. 

1 36 

1 

24 1 

1 

Transverse section of a stUl smaller rootlet (?) finm Oldham. 

X 39 diameters. C. N. 1239, p. 297. 

36a 

24 

Vascular axis and some surrounding cells of fig. 86. x 187. 
Page 297. 

37 

1 

24 

Transverse sections of one of the smallest rootlets (1) met with at 
Oldham. X 39 diameters. 0. !N. 1239, p. 297. 

37a 

24 

The vascular axis and some attached cells of fig. 37. X 187. 
Page 297. 
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[Plate 25.] 

UxTiL recently the time-hononred division of Thallogens into three primary groups, 
AlgcB^ Fungi^ and LicheaeSy was retained, the most prominent morphological features 
of the last group consisting in the vegetative portion being composed of slender 
achlorophyllose threads mixed with chlorophyll-producing cells or gonidia, and the 
spores produced in asoL It was assumed that the gonidia were in organic continuity 
with the colourless threads, an assumption challenged by Schwentdener/^ who con- 
siders a lichen as a combination of a fungus and an alga, an idea now widely enter- 
tained, nevertheless, curiously enough, numbering amongst its opponents most of the 
leading lichenologists and mycologists of the day, most of whom, it is important to 
lemember, are distinguished as systematists rather than as biologists. Later reseai‘ches 
have placed almost beyond doubt the truth of Schwexbener’s theory. Bor5J£T+ has 
shown that in numerous instances the gonidia can with certainty be referred to some 
species of Algee, and further succeeded in building up a lichen synthetically by sowing 
the spores of Parnielia pavietina upon Protococcus. Stahi^ als^^ by growing the 
spores and gonidia (pleurococcus) of Endocarpou pusdluniy pix)duced the lichen which 
bore perithecia and spennogonia. The same author has also demonstrated the 
presence of sexual organs of reproduction in a gelatinous lichen, Colhoxa wwci'o- 
phyllinUy the female portion resembling the carpogonium, wuth its trichogyne, met with 
in the Flondecs. Spermatia, produced in the spermogonia, are the fertilising elements. 

The discovery by IMLattiholo § of a second type of lichen structure, Hgmeyiolichev^s, 
characterised by having the spores borne on basidia, the latter compacted into a 

• « TJnterrocliimgen iiber den Fleolitentlaallns,** in NiaEpi’s ‘BeitrSge znr Wisseneoli. Botanik,* 1860, 
1862, and 1868. See also ‘Flora,* vol. 56, 1872 (Wos. 11-15). 

*1“ “ Recherches snr les GK>xudies dea liichena,** ‘Ann. Sci. Rat. (Btrf.),* vcd. 18*8. 

t ‘ Beifcr. zur Entwickel.-Gesoh. der Fleckten,* 1877. 

§ ** Oontiibazloiii alio Studio del genere CorUy Fr.,*’ ‘ Ruovo Giom* Botan. ItaL, vol 13, l&Sl, p. Slo. 
(2 plates.) See also “ Die Qruppe der Hymenoliohenen/* Fbucd. Johow., * Pringsheim, Jahrb. Botan.,* 
vol. 16, p. 861. (6 plates.) 
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continuous hTinenium as ui Hymenomyeetous fungi, has also considerably strengthened 
ScHWEXDEjrEE’s theoiy, as the mutual relations between the two components can be 
more readily determined than in the older group of Ascolichenes. 

It is somewhat remarkable that a re-arrangement of Thallogens was not attempted 
earlier, considering the difficulties experienced by cryptogamists of half-a-^ntury 
ago in locating the genera now included under Hymenoliehefies and Gasterolichenes. 
Dictyoneiiia was first described as an alga by C. A. Agaedh,* who placed it in the 
ConfeTvoidecB next to Sydroclictyon, yet he appears to have been uncertain about its 
true owing to the numerous colourless anastomosing threads, and concludes 

with the remark, “lorsan Liehenis species 1” Nees afterwards removed the genus 
to Fungi, changing the name to Dkhomma, but was in turn quite as much perplexed 
on account of the numerous chlorophyll-bearing cells, and at the end of the generic 
description says, "Forsan thallus Coenogonii.” The same remarks apply to the genus 
C7ora, described by FniEst as a fungus, stating that at one time he considered it as 
belonging to Lichenes. In like manner, the Rev. M. J. Bbekeley, in the description 
of A^mcnceZZa, clearly recognised the lichenose structure, suggested by the presence of 
green cells along with colourless threads, and also called special attention to the 
absolute agreement between the green cells and the jPuZwieZZtt previously described as 
an alga in the same work, finally pointing out that it differed firom lichens in the mode 
of spore-formation. It is remarkable how nearly ScecweN3>bneb b views were antici- 
pated in this instance by BEBKELEnr. 

The genera already mentioned, along with Aflttdflicct, JoH., lUttpidonB^nci, 3Iatt., 
Emericella, Beek., and Trichocoma, Jungh., although universally acknowledged as 
Thallogens, are equally rejected by those lichenologists and mycologists opposed to 
Schwesdeeeb's views ; their peculiar non-ascigerous jOrnctiflcation alienating them 
from Lichens, and the chlorophyllose cells fi:om Fungi, wMle algologists appear unable 
to reconcile themselves to the idea of an alga producing such fungal-like organs of 
fructification on the colourless hyphsa. 

ThA object of the present communication is to describe a third type of lichen 
structure, resulting from the consortism of Fungi belonging to the Oasteromycetes, 
order Trichogastres, with unicellular algae. Following the rule suggested by MAri'U*oiiO,| 
the present section will take the name of Gasterolichenes. 

The Emericella raWecoZor,BB!RBL, is described by the Rev. M. J.BbkkelbtI as 
follovra: — “On the confines of Myxogastres we have the little group consisting of 
Conioayhe, Byssophyton, and a new genus, to which I have given the name of EmenceUa. 
These are in habit more or less Lich^ose, but differ from Calicium and alhed genera 
in the total absence of asm. Einericdla, of which a figure is subjoined, consists of 

•‘Sy8t.Alg.,’p.85. 

t S. Ram, *F1. hcmum.,' p. SOS. 

$ *‘CIaa1aibiiKaid «lIo Studio del genere Cora, Fr.,” ‘Noovo Giotn. Botaxu Ital.,’ vol. 18, 1881, p. 245. 
(2 plates.) 

§ ‘Intr. Crypt. Bot’ p. SiO. (Cma io.) 
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little oblong or clavate masses, varying in colour from yellow to green or grey. A 
vertical section shows a little peridium above, filled with threads and globose purplish 
spores, remarkable for a border of long spines, all situated in the same plane. The 
peridium is supported by a spongy central column, giving off threads which are 
terminated by large globose bodies resembling closely the gonidia of Lichens, but 
growing very much like the Pohn^llii^ figured at p. 118. Dr. ]Montagne has observed 
these bodies to become blue with iodine, but this is not confirmed by myself or Mr. 
Broome. I have, in fact, tried various preparations of iodine, and the addition of 
sulphuric acid has given no blue tinge. The general colour of the plant does not arise 
fr'om these bodies so much as from the fine threads on which they grow. Increase in 
many cases certainly takes place exactly as in the Pahuello, by the division of the 
central nucleus, and in one instance I have observed two of them to be confluent. 
This very curious fungus was gathered by my son, Lieutenant Bmebio SbeatfieIiD 
Berkeley, in his garden at Bowenpilly, near Secunderabad. I have named it 
EmeHcelld v(iriecoloi\ and it is ceitainly one of the most curious that has ever come 
under my notice.'^ 

The plant is gregarious inhabit and resembles in external appearance such Fungi as 
Didermo or Tuhulina^ and, although stated by Berkeley to be on the confines of 
ilyxogastres^ is aiiunged by that author under Ti'ichogahtres, The shape \aries from 
cylindrical to tuibinate, measuring from tw*o to three lines high by two lines in 
diameter. In structure, the genus approaches Lycoperdon^ with which it agrees in 
the single membranaceous peridium and well-developed sterile base. The hyph» of 
the sterile stem-like base aiu thick- walled, about 8ft in diameter, and form an interlaced 
central column sun*ounded by a loose peripheral plexus of branched hyphse, which 
pass uninterruptedly upwards and form the peridium. The dense capillitium is 
continuous with the sterile base, and consists of branched tapering hyphsa of a pale 
yellow colour when viewed by transmitted light. The spores are purple-brown in the 
mass, globose, and furnished with a row of spines, all situated in one plane ; diameter, 
including the spines, about 12ft. In Trichogastres the hyphse concerned with 
reproduction have usually very thin walls, and disappear soon after ihe formation of 
the spores ; consequently the mode of attachment of the spores could not be ascertained. 
Dehiscence takes place by the disintegration of the upper portion of the peridium, as 
in Lycoperdon ccslatum^ the persistent capillitium remaining attached to the more or 
less marginate stem-like base. The alga is JPaZwieZfo botvyoides^ Grev., which appears 
to differ in its larger size, and in being connected by green threads, fi^in the plant 
described by RABENHORSTt under the same name. The cells are sub-globose or broadly 
elliptical, varying from 20/* to 39/* in. longest diameter, and furnished with a very thick, 
hyaline, lamellose cell-walL From the chlorophyllose portion of the cell a green 
eseptate filament passes through the cell-wal], where it is joined at some distance to a 

• The Paltndla aRuded to is P. latryoidet^ Grsv. 

t ‘ Flor. Enr A]g vol. 3, p. 38. 
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fti’milav thread from another cell, the two forming a common stem, on which several 
pairs of cells are supported on similar lateral biftircating threads. These pairs of cells 
originate from the fission of a single cell, each half of the parent cell giving origin to 
a green filament, the bifurcation of which is at first included in the cell-wall. The 
alga occupies interspaces in the loose peripheral portion of the base of the fungus, 
also passes up into the loose texture of the peridium, ^ving the yellowish-green tmt 
to every part of the plant before dehiscence. The tips of lateral branches of 

hyphffl are frequently seen closely investing and even penetrating the algal cella 
Trichocovtux paradoxa,3xj^GiH., is the type of a second genus of Gastei'olichenes. This 
plant was first discovered hy Junghuhn in Java, and was described, as a fungus, 
its very anomalous structure causing the author much uncertainty in referring it to 
any of the known divisions of Fungi. Fmally it was placed in the Syphomycetex, on 
account of some resemblance to such compact forms as SiiUywrn, MouJTAGUift’ after- 
wards considered it as having more affinity with the GctstCTOtnyoctBSy in which &nuly 
it has up to the present remained. 

In habit the plant is gregarious, growing horizontally on decayed trunhs or branches, 
in shape more or leas cylindrical, and varying from three quarters to an inch and a 
half'in height, hy half an inch or more in diameter. The sterile basal portion is cup- 
shaped, and consists of thick-walled, eseptate, much-branched hyph», compacted into 
a dense pseudo-parenchymatous tissue. From the mar^n of this cup the hyphse pass 
upwards and form a loose membranaceous peridium. The capiUitium arises from the 
sterile br^fal portion, and oonEosts of erect branched threads tapering upwards and 
compacted into a cylindrical tuft, which after the disappearance of the evanescent 
peridium resembles a camel’s-bair brudi springing from the cup-like base. In young 
specimens traces of the reproductive hyphse may sometimes be met with, bearing 
and sterigmata, proving the spores to be true baridiospores, as in Lyoojperdon. 
The i^res are brown, tinged with purple, in the mass, elliptical and coarsely waited, 
measuring about 6/1. X 8fu The alga belongs to Kotzing’s genus Botryococcus, and 
ftrms a stratum at the base of the capilHtium. In the dry plant this layer is bright- 
yeHow, but the alga becomes green when moistened, espemally if a small quantity of 
potassie hydrate is added to the water. The colonies vary in size, measuring on an 
average 25 /t, and are generally invested with hyph», which in the “gonidial layer” 
assume a yellow tinge. 

in to the locality given above, this spedes is represented in the Kew 

Herbarium from Sikkim, East Nepaul, Nilgiris, and O^lon. 

A smaller plant, included with T. paradoxa in the Kew Herbarium coUeotion, proves 
<m examination to be a new spedes, characterised as follows : — 

Triekooomoi Jadspara. Eeceptaoulum basilare rofeundato-cupulatum. Flood elon- 
gati, oomod,ia oapitulnm cylindricam peidstens coUecti, sporidiis snl^lobodfi^ Isevibus, 

* * Yetband. Tan Iwi Bataw. Genuoiadu TKa Ktmstoa eq. Wetensoh.,’ BfttaT., 18S9. 

t *' Giypiogaioai da Jwra,** * Ami. Sd, 'StA. (Bed.),’ vol. 16, 1841, p. 808. 
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•l/t X 3fi. From half to two-thii’ds of an inch high. On rotten -vrood, Lower Carolina ; 
resembling T. paradoxn in general appearance and structure, but differing in its 
smaller size and sub-globose smooth spores. 

The group Licbenes' can be divided into two natural sections, characterised by the 
nature of the fruit, which agrees with that produced by the two sections of Fungi, 
Aacowjcetes and Baaidiomycetes respectively. Each section can be further divided 
into two sub-sections, depending upon the exposed or concealed bymenium. 

A. — Ascolichenes. Sporidia produced in aacL 

I. Discolichenes. Hymenial surface exposed, as in Discomycetes. 

TT- JPyi'enolicheues. Hymenial sur&ce concealed in a peritbecium, as 
in Pyreuomycetes. 

B. — Basidiolichenes. Spores produced on basidia. 

I. Hymenolichenes, Hymenial surface naked, as in Hymenomyceteg. 
II. Gasterolichenes. Hymenial surface concealed in a peridium, as in 
Tnchoyastres. 

Desckeption op the Flaxe. 

Fig. 1. Emericdla variecolor. Berk., nat. size. 

Fig. 2. The same in a young state, X 50. 

Fig. 3. The same after dehiscence, X 50. 

Fig. 4. Section of same before dehiscence, X 50. 

Fig. 5. Section of same after dehiscence, X 50. 

Fig. 6. Vertical section of same after dehiscence, showing the peripheral “gonidial 
layer,” a, the central hypbal column, b, and the capillitium with its 
spores, c. X 300. 

Fig. 7. Portion of the alga Palmella botryoides, Geev. Cells of plant, a ; supporting 
of same, 6 ; hypbse surrovmding and entering the algal cells, c 

X 600. 

Fig. 8. Spores of same, X 600. 

Fig. 9. Trichocoma jtaradoxa, Jongh., nat. size. 

Figs. 10 and 11. Sections of same, nat. size. 

Fig. 12. Section of same, showing steiile basal cup, a ; " gonidial layer,” b ; and 
capillitium with spores, e. X 300. 

Fig. 13. Colonies of the alga, a species of Botryocooous, accompanied by hyphse. 
X 600. 

Fig. 14. Spores of same, X 600. 

Fig. 14 a. Baddium, with sterigmata of same, X 600. 

Kg. 15. Triohocoma loBvispcra, Mass, a, before rupture of peridium ; b, after 
disappearance of peridium ; nat. size. 

Kg. 16. Spores of same, X 600. 
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Introductory. 

The present inTestigation grew out of the eiiq[uirj into the colour-relation between 
Lepidopterous larvse and their food-plants. In the search for the larval sense-oigan 
wluch is affected hy the light reflected from surrounding surfaces, great diflSculty was 
experienced from the feet that the influences work slowly through the whole of larval 
life. Thus the ocelli must be eliminated by blinding five times in the life of each 
caterpillar, and there is always the chance of the skin hong thrown off a little earlier 
t.hftii -usual, in which ease the success of the whole experiment might be endangered, 
for the coverings of the eyes are changed with the rest of the skin. It seemed 
probable that in the pupal colour-relation the influence must act during a short and 
ri^dly Itniiffld time, in which experiments could be conducted with much hope of a 
successful isolation of the effective sense-oigans. 
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JSistoricaX. 

The first observation upon the colour-relation between Lepidopterous pup» and sur- 
rounding aur&ces waa made by Mr. T. W. "Wood, who exhibited in 1867 a number of 
pupse of Papilio mackcum, Pieris hrassiccB, and P. rapes, which corresponded in colour 
to the snr&ces to which they were attached (‘Entom. Soc. Proc.,’ 1867, pp. xcix.-ci.). 
JETe also made some remarks on the subject, and expressed his opinion as to the nature 
of the susceptibility of these organisms in the following words : — “ I find as the 
result of my experiments that the aViTt of the pupa is photographically senmtive for 
a few hours only after the caterpillar's skin has been shed; and, as might be expected, 
by putting the specimens in the sunshine at the time of changing, and surrounding 
them as much as possible with any desired colour, the most successful results have 
been obtained." There is no doubt that Mr. Wood placed the larv® under the 
conditions he describes, and that in consequence the pupal colours were influenced, 
but if he had transferred the larvae immediately before pupation to a surfece of 
an entirely different colour the pupae would have corresponded with the earlier 
surroundings. It seems strange that it never occurred to any previous observer to 
test the theory of pupal susceptibilify in this simple manner. Mr. Wood exhibited 
green pupae of P. hrassiccB, foimd under a vine on a stone-coloured house, while none 
of the pup» on other parts of the same house were of this colour. Very dark pupae 
were shown which had been taken from a tarred fence, and from other dark surfaces, 
and in subdued light. One of the pupae of this species, foimd on a white surface, 
was nearly white, and Mr. Wood also showed green, reddish, and dusky pupae of 
P. hrassica on surfaces of similar tints. He also stated that the pupa of Vanessa 
polychloros, when amongst foliage, is coloured like a withered ehn leaf, beiag light 
reddish brown with a cluster of silvery metallic spots (dorsally placed) at the junction 
of thorax and abdomen. He also rightly asserted that the gUded appearance is not 
necessarily connected with the presence of Ichneumon laxvse within the pupse. 
When the pupa is suspended to a wall the ^ded appearance is not produced, and the 
pupa is of a mottled greyish colour. This observation is very important, for it 
contained the obvious implication that the metalhc appearance may be controlled by 
tile surroundings, as I have now proved it to be. In fact, Mr. Wood states, “ I feel 
convinced that by the proper use of gilded surfeces the gilded chrysalidea of Vanessa, 
and perhaps of other genera, would be obtained, and I hope to be able to tiy the 
experiment next season." I waa not aware of Mr. Wood's last suggestion in 1867 
when I undertook my experiments on the subject in 1886, and the arguments which 
indnoed me to make use of gilded surfaces are given at the heginning of the experi- 
mants. It certainly does seem strange that so remarkable, although so hold, a 
suggestion should not have been subjected to any test for neai'ly twenty years. The 
reason is perhaps to he fimnd in Mr. Wood's unfortunate inclusion of PapUio machaon 
among the liwt of susceptible pnpse; for Mr. SomD, who knew the habits of this 
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species (which Mr. Wood exjjressly afiBims were unknown to him), at once stated in 
the discussion which followed the paper that *' he had had thousands of pupce of 
Pa/pilio nvichtion, and had often had the brown variety of pupa on a green ground- 
colour, whilst in some sea.sons he had obtained no brovrn specimens at alL” My own 
experiments also clearly show, as hir as the numbers employed could do so, that this 
species has no trace of susceptibility to surrounding colours. Mr. A. G. Bittler also 
stated in the discussion that “ he had obtained a red or rosy chrysalis of Pleris rapes, 
which had undergone its transformation in a piece of scarlet cloth ; and pupae upon 
glass were generally of a pale slate colour.” Concerning the former observation, 
jP. rupee is very’ commonly tinged with pink, and I think it almost certain that if the 
pupa was not removed from the scarlet suiTOundings the reflected light would intensify 
the pink tinge of the ground colour, and would thus produce a simulated resemblance 
between the two. I found that it was never safe to compare the colours of pup® 
until thev had been removed from the coloured surface on which pupation had taken 
place, and were arranged side by side upon white paper. Furtheimoi'e, in my experi- 
ments a dark red surface did not produce reddish, but dark, pup® in P . irassicce, and 
(as will be shown below) I can quite confirm Mr. Bond’s critidsm that reddish pup® 
of P. rapes are not found on red brick walls. At the same time Mr. Eosd b objection 
to the Tvim'ii position taken up by Mr. Wood — that the pup® of Pierida have some 
general resemblance with their smroundings — is without sufficient foundation, and 
the fact must now be generally admitted. His criticism that he has seen pup® of 
P. mpee with all shades of colour on the white painted woodwork of a greenhouse is 
valueless nnloga he <v»u show that the dark forms are as common as when the pup® 
are found on a tarred fence. Mr. Bond’s observation that the variable pup® of 
AntJiocaris cardamines are not sensitive is important, but the species needs experi- 
mental investigation in order to confiim bis observations. 

The late Mr. Edward NEWiTAX also expresses an opinion adverse to Mr. Wood’s 
observations upon P. rapes in these words (‘British Butterflies,’ 1871, p. 162), “An 
ingenious — but, as I think, futile — attempt has been made to show that the colour 
of the chrysalis varies with the colour of the object to which it is attached.” 

Eurthexmore, Eev. J. Hbdlins (‘Larv® of British Butterflies,' &c., by Wmjam 
Bdckdee {Ray Society), 1885, p. 155) states of the pup® of P. raj^es, " The colotir 
seems very varied, but, as all the varieties occurred side by side on the cover of the 
fin box in which my larv® were reared, I could not account for their diffierence. 
And of the different forms of P, hrassicce he also says, “These varieties were 
developed side by side in the same cage.” It will he abundantly proved below that 
only certain colours affect each species which is sensitive to surrounding colours, and 
when other colours ai^e made use of the pup® either assume the cooDomonest form, or, 
if very variahle, are firee to ohey the influence of their varied hereditary or individual 
f An.iAT»fflAa And the use of tin as a background for the Pierid® is especially likely 
to produce such results, for this surface is extremely unlike any of their natural 
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suiroundings. Furthermore, it TviU be sho’svn that the colour-rektion is due to larval 
susceptibility dviring very many hours before pupation, so that, unless special precau- 
tions are taken, the larvae may be distuibed or removed from one surface to another in 
feeding, observing, &c., and the results are likely to be highly irregular, for the boxes 
would always contain one colour which acts powerfully upon these two species, i.e., 
the green leaves of the food-plant. 

Professor MTgr.nm.A j in a paper communicated to the Zoological Society ( On a 
certain Class of Cases of variable Protective Colouring in Insects," ‘Zool. Soc. Proc.,’ 

1873, p. 153) confirms Mr. T. W. Wood’s observations on the pup» of the Pieridse, 
for he states (p. 156), “I have observed a similar fact with respect to the pup® of 
Syuehloe {Pieins) hmssica and S. rapa, specimens from a black fence being generally 
darker than those found on w'aJls.” Professor Meddola informs me that this con- 
clusion was obtained from the comparison of large numbers of individuals. 

The next observation of the correspondence between the colours of variable pup® 
and that of their surroundings is found in a paper by Mrs. M. E. Babbbb., communi- 
cated by Mr. Dabwht to the Entomological Society of London (‘ Entom. Soc. Trans., 

1874, p. 519). Mrs. BAu-RTii-R. had experimented with the pup® of Fapilio nireus, 
common in most parts of the Cape Colony. The larva itself in this species h as also 
the power of colour adaptation to its suiToundings, for Mrs, Babbke states that it 
is dark-green when found feeding upon orange trees, and lighter green upon Vepris 
lanceolata. In the natural state the pupal colours are always similar to those of the 
leaves of the food-plant, when pupation takes place among the leafy twigs— its usual 
surroundings. In Mrs. Babbeb’s experiment the larv® were reared “ in a case with 
a glass cover ; the case was partly made of wood and partly of brick : the colour of the 
wood was a dullish yellow, that of the brick a purplish-brown.” Orange leaves, on 
which the larv® fed, were placed in the case, and also a branch of the common bottle- 
brush shrub, of which the dead leaves were pale-green. Of the resulting pup® some 
were fixed to the orange leaves, and were of the usual deep-green colour, like that 
of the surrounding leaves ; others were fixed “ to the bottle-brush branch, and these 
became pale yeEowiah-green pup® of precisely the same colour as the half-dried leaves. 
One of the caterpillars in particular affixed itself upon the wooden framework of the 
case, where the wood and the brick came in contact with each other, and to my 
surprise this caterpillar, after throwing off its bright-green skin, assumed the colours 
of hotli the voood and th,6 irick, its under-side resembling that of the wood to which 
it was attached, and the uppm: side that of the adjacent brickwork.” 

“ Some days later another specimen affixed itself to the wooden frame of the case, 
and then became a yellowish pupa of the same colour as the wooden frame.” 
Mra Babbeb then tried the efi^t of surrounding a catm^illar before pupation with 
scarlet doth, hut the resulting pupa was of the common deep-green form, in which, 
however, the coloured spots usually present in this variety were of a brighter red. 
Mrs. Babbbb suggests that these ooTrespondencra of colour may be analogous to those 
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of the Chamseleon, or may be “ a sun-picture or photograph ” ; and in support of the 
latter view (which has been commonly accepted up to the present date) the writer 
calls attention to the transparent surface of the freshly-formed pupa, which might be 
sensitive to light. In my experiments, described below, I did not meet with any 
parti-coloured pupoe, and it is to be noted that a dilierence between the colours of the 
dorsal and ventinl surfaces is common in pupae. It would be satisfactory to expose 
this highly sensitive insect to conflicting colours arranged antero-posteriorly instead 
of dorso-ventraUy. Although Mrs. Bakber’s figure certainly supports the conclusion 
that the different pupal surfaces may be influenced independently, the conduaion is 
too important to rest on a single instance, and it is to be much hoped that the subject 
will be re-investigated. In the discussion which followed Mrs. Barber’s paper 
(‘Entom. Soa Proa,’ 1874, p. xxiv.), Professor Meldola remarked that “the action 
of light upon the sensitive skin of a pupa had no analogy with its action on any 
known photographic chemical No known substance retained permanently the colour 
reflected on it by adjacent objects.” 

Mr, J. P. Ma3»sel WeaIiE makes a further interestmg addition to the history of 
the subject in his record of experiments upon the larvse of Acrcea esehria (see ‘Entom, 
Soa Trans.,’ 1877, p. 271), also in South Africa. He says : “ Some larvse I confined 
in a dark box, and found that the coloration of the pupae (usually white, with thin 
black and orange markings) was materially altered and darkened, so. as closely to 
resemble those of Acrcea hoHa, but the individuals were as varied in colour as those 
raised under oi'dinary daylight. This darkening of colour I have found to be very 
common under the same circumstances in pupae belonging to different Emilies of 
Butterflies. Both larvae and pupae of those Acrasas known to me are found in 
conspicuous places without any attempt at concealment.” 

Mr. J. P. Maxsel Wealb also records, on p. 275 of the same paper, some 
interesting experiments upon the variable pupae of Gallosunc JceishxTn/ma and those 
of JSi'onia cleodora. He says : “ W^ith reference to the changes in the colour of pupae, 
I believe a very wide field of research is open, and with the improved modes of 
microscopiceJ examination under the spectroscope important revelations on the subject 
of variation will be discovered, I here give the results of some very rude experiments 
on this subject. Most of the specimens were reared in glass test-tubes exposed on 
coloured cards, in which they were partially enveloped. They were constantly 
suppliad with as little food as possible, in order that their ftill exposure to the colour 
should not be interfered with. 


“ Pope of 0, ieidcamma. 


(1.) On dead leaves away from light Dark brown. 

(2.) On stem and on vermilion cards Pale ocbxeons. 

(8.) OnvermiUoncard Pale blniah-green. 

(4.) Exposed on bnsh in nature and on yellow gamboge cards . . Bright green. 

(5.) On glass tnmblor I*«le yeUowish-green. 

(6.) On green (cobalt end gamboge) Ochreons. 

(7.) On cobalt-blue Greemsh-white. 
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“Oa a white surface pup» o^Eronia deodora became so pale^ioloured as to be 
almost translucent, the marks on the ventral aspect of the abdomen being slmost 
obliterated, and the bright yellow-green colour usually predominant almost invisible.” 

Mr. Tedcbn confirmed Mrs. Babbee’s observations upon P. nireus in some experi- 
ments conducted upon Papilio d&inioleus, which is common at Cape Town. These 
results have not been published, but Mr. Tehibn has kindly sent me an account of 
them in a letter. He says, “ I left my Demohns larvae fuU liberty, within the r^e of 
their breeding-cage, to attach themselves to any of the bands of colour with which the 
sides of the cage were provided. I had noticed in nature that the pupae attached to 
the green upper twigs of the food-plants among the leaves were always more or less 
green or greenish, while those on the more brownish or greyish stems were coloured 
like the latter. Though more of these larvae suspended themselves to the food-plant, 
the remainder showed no apparent choice among the colours, but attached themselves 
indiscriminately all about. The colours which seemed certainly to directly affect those 
of the pupae were (irrespective of black, which made them a little darker) green, 
yellow, and reddish-brown, these tints being more or less reproduced. Bright red 
and bright blue had no apparent effect. I did not repeat the experiment, finding 
this one so oonfirmato^ of Mrs. Barber’s observatio33B on another species of the 
same genus.” 

Finally, Professor Mbldola, knowing that I was looking out for any notices of the 
literature of the subject, kindly sent me the following translation of an important note 
in ‘ Kosmos,’ by Fritz MuIiLEB, showing that the pupae of Papilio polydamus, although 
dimorphic — green and brown — ^like our own P. madiaon, are, nevertheless, like it, not 
susceptible to the influence of smrrounding colours. 

“According to the observations and experiments of Wood on P. rap<B, and 
of Mrs. BATtmaa on P. nirms, the coloTir of the pupae in these Butterflies is deter- 
mined by the colour of the object on which they pupate. Nevertheless, this does not 
hold good for all Butterflies of which the pupae are differently coloured ; it is not the 
case, in P. pdydamus. The pupae of this Butterfly, which in former years I saw 
in huge numbers, are either green or brown, and I have never found intermediate 
colours. Thfl ground colour of the larva which lives on Aristolochia varies within 
wide limits ; pure black and bright yellowish or reddish-brown caterpUlars are seldom 
fotmd, but aU possible sbages between these extreme colours are common. The colour 
of the larva, however, has nothing to do with that of the pupa, and from both kinds 
of pupas mmilarly coloured Butterflies are developed, both males and females. 

^Hie Butterfly always lays several (4 to 6) eggs close together ; till the second 
moult^ the young larvae also keep together; they eat the same leaf and tit close 
when at rest (like the social larvae of P. emnder, till they pupate). Such a 
BodBty young larvae that I ol^erved from the eggs in my garden 1 recently 
traimfluxed to a laige giass case before th^ distributed themselves over different 
leaves, and from this, as they prepared for pupation when thtir excrement, 
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instead of being hard and diy, became fluid), to a box, of which the two larger 
sides consisted of white gauze, and the narrower sides and the bottom and top 
(cover) of grey pasteboard. They fastened themselves to a thin defoliated stalk of 
Aristolochia. Of the live larvae, two changed into brown and three into green pup® ; 
a broum and green pupa were on the same stalk, removed by less than their own 
length from each other. They emerged from the egg at the same time and shed their 
larval skin at the same time, whilst durbg their whole life (larval) they were 
exposed to the same external conditions, the same action of light, and to the time of 
pupation had neither brown nor green in their surroundingfs. In this case, therefore, 
the influence of the colour of the environment certainly cannot have affected the 
colour of the pupa.” (‘ Kosmos,’ voL 12, p. 448.) 


Previously accepted explanations. 

The theory of the moist, fresh, pupal surface as " photographically sensitive ” was 
obviously a metaphor borrowed from the sensitive plate of photography, and I^rofessor 
ArT!r.r.nT.A pointed out that there could be no real analogy between the two processes. 
Furtheimore, there was the difficulty that the explanation failed to account for the 
colour of those pup® which throw off the larval skin on a dark night, for the pupal 
colours very quickly deepen into their permanent condition. Considering these 
difficulties, and knowmg that the explanation had never been tested by " transference ” 
experiments, I came to the investigation with the firm conviction that it would be 
found that the problem was essentially physiological, and that the physico-chemical 
changes were merely the results of fiir more complicated physiological processes. It 
furthermore seemed probable that the reflected light would be found to act for a 
period long enough to include, under any drcumstances, many hours of daylight — 
upon some sensitive area m the larva as it rested upon a coloured surface before 
pupation, and it appeared likely that such a sensitive area might be defined by 
experiment. The investigation was conducted during the summer and autumn of 
3886. The object of the present paper is to give an account of the investigation of 
the questions alluded to above, and its results are therefore preliminary in the sense 
that they afford a foundation for future work, in which the physiological changes 
in duced by varying colour must be sought out by histological and other methods. 
Such an investigation I hope shortly to undertake. 

• 

Experiments upon Vaaiessa lo- 

This pui>a is dimorphic, tihe common form being pale greji but freckled all over 
with smoky black ” (Buckleb), with, a small amount of gilding, while the less common 
form ifl bright ydlowish-green, with a large amount of gold. I determined to 
ascertain whether the latter form could be produced by placing the larvm in 



318 MR. B. B. POULTON ON THE OOLOTTR-RBLATION BETWEEN- EXPOSED 

appropriate colonred surroundings before pupation. Mr. E. D. T. Pode very kindly 
Bent me six nearly full-grown larv® from South Devonshire, and these were placed in 
a glass cylinder covered with two thicknesses of green tissue paper, of which the 
outer layer had become very yellowish from the action of light. The paper being 
very transparent, the larv» in the cylinder were exposed to a yellowish-green light, 
mixed with a great deal of white light. All the six larva suspended themselves from 
the paper roof of the cylinder, and five changed into the yellowish-green variety. One 
of these was figured (see Plate 26, fig. 7 ; natural size). The sixth was detected a few 
minutes after the larval skin had been thrown off, for the surfrce was moist and the 
shape unformed. It was exactly in the condition of assumed photographic sensitive- 
ness, described by previous observers. I therefore cut it down immediately and pinned 
it up in an opaque box with a tightly fitting lid, the whole interior surface being lined 
with black paper. In a few hours I opened the box, and found the pupa a yellowish- 
green variety, exactly like the others. It is therefore quite clear that the influence had 
worked previously — during the larval stage. There can be no doubt that this result 
without a single exception, is conclusive, when the comparative rarity of the green 
variety is considered. In all my previous experience I have only obtained this variety 
singly among large numbers of the dark form, and I have n&ver seen it among the 
numerous pupss found upon palings and walls, and X have never found the pupa of this 
species in other situations' — upon the leaves of its food-plant or other plants. Peing 
anxious to ascertaia whether other observers have had the latter experience, and to 
know its r^ults, I wrote to Mr. W. H. Harwood, of Colchester, who has been a most 
keen observer for many years. In his reply he says, “ I have sometimes found the pale 
form of Jo on the under-side of nettle leaves, but do not remember meeting with the 
dark one.” From this observation it is seen that the power of colour adaptation, 
which experiment has proved to exist in this species, is actually turned to account in 
the wild state. Hbwman, in ‘British Butterflies,’ p. 61, does not recognise the pupal 
dimorphism, for he says, “ the colour of the chrysalis is green ; as the chrysalis 
darkens its colour deepens, but the green tint is never entirely lost.” Bugexee^ 
on the other hand (Bay Sodety, 1885), fully rea^nises the two forms. Wldle the 
single individual, which was transplanted to a colour which must presumably tend 
towards an opposite effect, seems conclusive against the former theory of pupal as 
opposed to k^al sensitiveness, the same results are better seen in Vcmessa tirticcB, 
where th^ were worked out in great detail, and in which the proof becomes 
irr «aai^.iW[fl from the large numbers employed in the experiments. The cutides of the 
left pupal wings of the two varieties are flgnred in Plate 26, figs. 10 and 11, both X 7 , 
and the immense differences in the tint of the cuticular ground colour and the amounts 
of p4!;ment present are well seen. 
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Experiments 'tpon Vanessa urticaB, 

Tliere are certain reasons why this species is peculiarly fitted for the purpose of the 
present investigation. It is exceedingly common throughout the whole of the 
summer months, and its food-plant — ^nettle — is abundant everywhere ; above all, the 
larvae are gregarious, living on webs when young, scattering when older, but never to 
such an extent that more than a few yards intervene between the most widely 
separated larvae. Such companies are made up of large numbei*s of larvae (examples 
of the numbers will be given below), and, as each of them results from the eggs laid 
by a single butterfly, it follows that in any series of experiments conducted upon the 
individuals of a company the possible errors which might follow from different 
hereditary tendencies due to different parents — of unknown, but presumably varying, 
histories in the larval state — are completely eliminated. At the same time, the 
numbers are amply sufficient to admit of the experimental investigation being vaned 
and, at the same time, carried on in the most complete manner among the offspring of 
a single pair of buttei flies. During the whole summer I did not meet with a single 
instance in which the larvae of one colony coidd be mistaken for those of another, for 
in nearly all cases each company occupied a separate clump of nettles, and in the few 
cases in which more than one occurred upon a very large nettle-be<l the larvae of the 
different companies were at different stages of growth, and, furthermore, on different 
parts of the bed. In the following series of experiments the numbera IIL-Xin. 
(both inclusive) correspond to eleven companies, of which the respective larvae were 
always most careftdly separated. 

I, Early in the summer I began to experiment with this species. The larv©, when 

found suspended in the breeding cages, were removed, and fixed against black, white, 
and green paper, in a strong light. The larvae in all cases pupated shortly after 
transference, and there were no apparent effects wrought upon the resulting pupae. 
Xiater investigations showed that these negative results were due to the shortness of 
the time during which the larvae had been exposed to the influence of colour. The 
experiments also proved that the moist surface of tlie freshly exposed pupa is not 
sensitive to colour influences. A little later, I again experimented with an orange 
background, about twelve larvae being kept for a large part of their lives in a cylinder 
lined with this coloui*. The pup© were all of that very common variety which will 
be represented below as degree (3), and such negative results seem to prove that the 
species is not susceptible to such surroundings. 

IL — I had asked Mr. Pods to procure some more larv© of F. lo for me, but, as 
it was too late for the species, he sent a large number of V. urticcB* These consisted 
of individuals of several companies and of diffeirent ages, but in this case it was not 
considered safe to attempt to sort them. In estimating the pupal colours, it was 
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necessary to a standard of comparison by the selection of -well-iaarked degrees 
of colour, for in this species there is no distinct dimoiphi&m, but all variations are 
connected by intervening forms. At this period of the investigation I arranged the 
pupa according to the foUovdng standard, which was subsequently rendered more 
elaborate as the experiments became more precise. (Six of the most important 
varieties are figured in Plate 26, figs. 1—6, X 2.) 

(1) Very unusually dark, almost black ; very little gold, or none. 

(2) Dark normal form ; dark grey, often with a slight pinkis h tinge, with very 

little gold, or none. 

(3) Light normal form ; light grey, often with a pronounced pinkish tinge ; 

more gold than (2), occasionally none. 

(4) Lighter than (3) ; the pinkish tinge often very pronounced, and usually a 

large amount of gold. 

(5) Very light forms ; generally completely covered with gold. 

It will be noticed that the dark colour due to pigment is shown by the above list 
to be developed in inverse ratio to the amount of gilded appearance, which depends 
upon a totally difiPerent optical condition, and pigment is absent from the gilt spots of 
the darkest varieties. The pink tinge forms the ground-colour of the pigment tints, 
while the darker forms are due to the increase in number of dark cloudy spots 
and the widening and multiplication of the strands of similar dark reticulations, 
which, in the most extreme forms, completely obsom’e the grmmd-colour. The 
pigment of both ground-colour and the dark spots is cuticular in position. Two 
degrees of pigmentation are shown in figs. 8-9, X 7, Plate 26, the pupal wings alone 
being represented, but afiPording a £iir criterion of the general development of 
pigment on the pupal surface. 

In nnTnp«.TiTig the results of experiments by means of a standard, it is obvious that 
the dassification of any series of pup© is, at any rate, correct as afiPordiug a test of 
the relative amount of pigment, gilding, &c., upon the pup© compared together at 
any one time. But the experiments were continued for a much longer time than 
that passed in the pupal stage by this species, and hence it is possible that the 
dassification of the pup© in the later experiments will not bear too dose a comparison 
with that of the earlier ones. Neverthdess, I do not t hink that there was much 
difference, and when the times for taking results happened to come sufficiently near 
together I always classified the pup© together, although taking notes of each 
company separately. But, however great be the want of parallelism between the 
arrangement of the initial and terminal experiments, the results would not he invali- 
dated, for the numbers made use of in several of the series of experiments whidi became 
ready for dassification tugethm* were amply sufifident to ensure conclusive results, 
and for each, aeries dasdfied together the arrangement would certainly hold good. 

Mr. Fods’b larm were divided into several lots, which are descrlhed as follows, 



821 


LEPIDOPTEfiOUS PUPJE ASTD THEIR SURROTJITDIK’Q- SUEPAOES. 

together with the resulting pupal colours, which are given in numbers corresponding 
to the standai’d list described above. The comparison was made August 19, 1886. 

A. A number of larvm were placed in a transpai-ent glass cylinder on a white 
plate, which, however, soon became dark from the larval faeces. The food-plant 
passed through a hole in the plate into water beneath, and the top of the cylindw 
was covered with white muslin, much darkened and discoloured by age. Upon this 
disc of muslin, only 9 centims. in diameter, 18 pupae were crowded, not one occurring 
in any other part. These were coloured as follows : — 

4 pupcB were (1). 

6 ( 2 ). 

6 „ (3), 2 of these approaching (2). 

2 .. dead and discoloured. 

18 

It will be seen by a comparison with other experiments that the especial darkness of 
this lot of pupas was due to the mutual influence of the dark bodies of the larvae 
themselves hanging close together upon a limited space. 

B. Another lot of larvse were placed in a larger cylinder, but with arrangements 
similar in other respects. Eight pupae were suspended fix)m the muslin top, I'lO deci- 
metres in diameter, while five others were suspended from the food-plant. They were 
coloured as follows : — 

was (2). 
were (3). 

were dead and discolonred. 

had produced an imago, but the pupa was probably (8) ; 

certainly this or (2). 
was (2). 

was (4), with the gold of (5). 
were dead and discoloured. 

18 

This set compares in an interesting way with the last ; being &x less crowded on 
the larger area of muslin, there was a much smaller proportion of dark environment 
to each larva, and the whitish muslin could also produce its edOfect. Hence a much 
lighter series of pupcs are obtained, with more gold upon them. Comparisons of this 
kind led me to continue the investigations upon this species with much greater 
minuteness, as will be seen below. 

* 

C. Another lot of krvse were placed in a cylinder surrounded by a single laym: 
of green tissue-paper, which bad become veiy yellowisb-green from the action of light. 

MDOCCIiSXXVII. — ^B. 2 X 


Of the 5 pup» on the food-plant 1 

5^ 1' jv 2 

vy *3 2 

Of the 8 muBlin 1 


1 

1 

6 
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Of tihe 14 pupse, 13 were suspended from the green roof— 7-0 centimetres in diameter 
and one from the food-plant, but the latter and seven of the former were dead and 
discoloured. On August 9, at 10.45 p.m., 11 individuals had already pupated on the 
roof, and two larvae were suspended before pupation. At this time the roof was cut 
off and pinned in close proximity to a noith window, so that the pupae, &c., still hung 
vertically. At 10.5 am., August 10, these two larvae had pupated, but evidently 
quite recently, for the surface of both was stOl greenish. Compared with the rest on 
August 19, these results were obtained : — 

Of the 4 living pupea which threw off the larval 

plnn in the cylinder . ^ were (8), 

Of the 2 living pupae which threw off the larval 

ftlrin in the strong north light , • . . . 1 was (8)# 

» ( 4 ). 

( 6 ) 

It might he supposed that the greater amount of hght perhaps influenced the 
colour of the two larvae which pupated latest, and which were exposed in the window 
for 10-11 hours, but the evidence is i] 3 sufB.Gient, as the difference between the two 
sets of pupae is so small. 

D. AtiofTiAr lot of larvae were placed in a cylinder similar to the last On August 9, 
at 10.30 P.M., the yeUowish-green paper roof, 7*5 centimetres in diameter, was out off 
and pinned m a north window as before. At that time four pupae were han g ing from 
the paper, to which nine larvae were also suspended. By 10.5 AM., August 10, four 
had pupated some hours, and two more quite recently, while the three remaining 
larvae pupated at some time (unkilown) later than 10.5 AM. AH these were marked 
compared on August 19, the following results being obtained : — 

0fthe4wluclipnpatediiithe<7lijider 2were(2). 

a (3). 

„ 4 „ n after a stunt time in EieiiortihligliLt I was (1). 

3wero(3), 2 of them approaohing (2) very 
closely and really intermediate. 

„ 2 „ „ longer „ ,. Iwas (2). 

1 „ (3), with rather more gold than usual. 

„ 3 „ „ „ stQl longer „ „ 3 were (S), 2 of them tending towards (2). 

13 

In this case it is seen that practically no effect was produced by the light, a fret 
whidi I afterwards learnt was to be expected, for a strong light merely tends towards 
the speraal coloration which follows from the illumination of the surroundings of the 
pupa, if such surroundings are coloured by any of the tints for which the organism is 
sensitive. In all the expenments witii green cylinders I had in mind the green form 


2 of thsm with rather nnasnal gold, and 
tending in Hghtnees also towards (4). 
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of K lo and the green form of so many othei; dimorphic species {Fapilio nmcliam, 
Anthocaris cordandnes^ &c.). But I was soon convinced that Yaaessa uTticcB has no 
green form, and therefore in these experiments, in which green was the predominant 
colour, the results produced showed no fixed relation to the chief part of the sur- 
roundings, but must have been determined by individual tendencies irrespective of 
external stimuli, except such as were provided by the amount of shade in such 
covered cylinders, and by the presence of neighbouring larvsB and pupae. 

E. Another lot of larvae were placed in a c^dinder similar to the last, except that 
a new roof had been recently added, consisting of two layers of green tissue-paper, 
while the sides were surrounded by a single layer which had become very transparent 
and yellowish. On August 19 there were five pupss, of which four were on the 
comparatively opaque and dark roof, while one was suspended fi'om the bare stem of 
the food-plant and fully exposed to the yellow light coming in through the sides. The 
colours were : — 

Of the 4 pupae on the roof ... 1 was (2). 

3 were (3), 1 of them with, mmsnal gold. 

On the food-plant 1 was (6), splendidly golden all over. 

5 

This experiment, more than any other in Series IL, convinced me that the pupae 
vary in lightness and darkness, in brilliancy and dulness, and that it was useless 
to continue the employment of green cylinders, hut that such colours as black and 
white would be far more likely to yield satisfactory results. 

Three larvae were removed from this cylinder on August 13, and were treated in a 
manner which will be described below. 

F. Another lot of larvae were placed in a cylinder also covered with the same 
green paper, but in this instance there were two layers over the cylinder as well as 
the roof ; but the paper was faded, becoming yellowish and comparatively transparent. 
The larvas in this cylinder were blinded by paintiug over the region of the ocelli with 
black varnish (a quickly-drying photographic varnish, rendered opaque by the addition 
of lamp-black). Five pupas were suspended from the roof, and one was lying on the 
floor. The colours were : — 

Of tlifi 6 pupiB cm the roof ... 8 were (2), 1 witli refliGr more gold ilian tihe otliers. 

1 was (3). 

1 « (S). 

On the floor 1 „ (2), 

6 

It is seen that the blinding made no difference to tbe result, at any rate in tbe 
direction of producing darker pup®. This conclusion will he (confirmed later. 

2 T 2 
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G. Another lot of lame were placed in a small cylinder suirounded by two layers 
of black tissue-paper, and with a roof of two layers. Only a single larva reached the 
pupal state, but this was an exceedingly dark and well-marked (1). 

This result also contributed greatly towards the frequent use of black surroundings 
in subsequent experiments. 

H. ATi AtbPT lot were placed in a <^linder covered, as before, with one layer of 
green paper, yellowish on the sides, but recently renewed and greener on the roof. 
Of the seven pup®, four were on the roof and three on the food-plant. The results 
were : — 


3 were (3), 

1 was (5), with, the naoal extreme deydopmoat of gold. 

1 „ a). 

2 were (3), 1 with rather more gold them nsnal. 

7 

There is nothing to add to what has been said before concerning the colour of pup® 
in the green cylinders. On August 13 three latv® were removed from this cylinder 
and treated in a manner which wiE he described. 

L Although all the above-mentioned pup® in Series II. were compared together on 
August 19 (because by that date nearly all had reached the pupal stage), I had been 
watching the results seen in the various cylinders for many days, and had started 
further experiments, whidi were su^ested by those already described, so that both 
series of results could he compared together on the above-mentioned date. The effect 
in the blaxi (^linder (G.), and that in E., having convinced me that black and white 
would be good colours with which to experiment, it seemed dear that, if successful, 
there would be a more decided colour-relation between the dark pup® and the black 
surronn<frngs than between the brilliantly metallic pnp® and their white environment ; 
and if the former relation was, as it seemed to he, most real and protective, it appeared 
advisable to offer the pupa a surface which would harmonise with its gilded form as 
compleidy as the black surface did with the darker variety. Having already seen a 
few instances of the gilding developed upon No. (5), it was quite dear that no thin g 
could harmonise so weU with it as the brilliant colour of metallic gold-leaf. On entering 
upon such an experiment, I was not prepared for the extraordinary success with which 
it was attended. But the condudons from the other experim^ts led up to ibis as 
a crudal test, and it certainly seemed well worth the trial. I procured some paper 
covered with gold-leaf, and with it lined the inside of a box which was provided with 
a glass front, and was placed fedng a strong east light. The side of the box, which 
formed the floor in this poediion, was covered with brown piper. A vertical partition, 
also gilded, separated the box into two equal compartments, which possessed every 


Of tlie 4 pnps ob the roof 
„ 3 „ „ food-plant 
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condition in the way of illumination, &c., in common. Care was also taken that the 
amount and distribution of food -plant should be as nearly equal as possible in the two 
compartments. 

(a) Thirteen larvss were placed in one compartment, and, as eight of these were dead 
on August 13, three were added from the set described as H., and three from that 
labelled E. On August 19 there were eight pupae, of which four were dead and 
tliscoloured, and of the other's one was on the roof and three on the food-plant. The 
results were : — 

Of the 3 on the food-plant . 1 was (S). 

1 ” 15^ I ^ith the splendid golden appearance which 

” ( is nsnal in these degrees of oolonr. 

On the roof 1 „ (5) J 

4 

Thia -vvas a very complete result as compai'ed with those previously recorded, and 
left no doubt that the metallic appearance can be influenced in the most remarkable 
way by the use of surrounding surfaces with a corresponding colour. Such a conclu- 
sion will receive the most complete confirmation below. 

()8) In the other compartment 12 larvae were placed after having been blinded as 
carefoUy as possible. The two pup® which were ultimately foi-med possessed the 
following degrees of colour : — 

1 on tlie food«plant . . . was (5). 

1 „ floor (brown paper) „ (3), but a light one. 

Here again the blinding produced no effect on the colour as fer as the evidence 
goes. 


J. Two exactly similar white gas globes of “ opal ” glass were selected, and the 
open upper end of each was covered with white paper, each globe being placed on a 
peiftrated white plate. The lower end of the stem of the food-plant (in small and, 
as fitr as possible, equal amounts) passed through the perforation into water, while 
the leaves and stem above the plate were in each case introduced into the globe 
through its lower opening as the globe itself was lowered on to the plate. The 
globes were placed in a strong north light. 

(a) In one globe 10 larv® were placed, and by August 19 four bad pupated upon 
the leaves of the food-plant in all cases, while three krv® were stiU feeding (three 
having died). 

Of &e 4 paps .... 1 was ($)• 

3 were (5), l^pioBl. 

Hence the bright white surroundings produced very striking results. 

(J3) 10 blinded larv® wore placed in the other globe, and five had pupated by 
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August 19. Of these, two were dead and discoloured, one was on the roof, and two 
on the food-plant. 

Of the 2 on the food-plant . . 1 was (2). 

1 (3). 

The 1 on the roof (5) typical. 


These pupse are certainly darker, as a whole, than the unblinded ones, but the 
difference is not gi’eat enough to suggest the blinding as a necessary cause, while 
other experiments (to follow) clearly show that it cannot have been effective in this 

way. 

This concludes the experiments conducted upon the larvae of Series IL, kindly sent 
me by Mr. Podb. The great mortality was due to the fact that the larvse were sent 
very young, and were thus brought up for nearly the whole pmiod of larval life in 
unnatural conditions. In the following experiments I made use of larvse which were 
found in various localities near Oxford, and which were allowed to remain upon the 
nettle-bed until they were nearly mature. In this way I secured a very high 
percentage of pupse. Nevertheless, in the experiments just recorded (IL), that 
inright into the colour sensitiveness of the species was gained which rendered all the 
following experiments possible and suggested the various modifications and details. 


nX — company of mature larvae was found August 15 beside the towing-path of 
the “ Upper Eiver," near Oxford. In the press of other work they were in some cases 
temporarily placed in short, wide, glass cylinders, covered with sheets of glass, until the 
night of August 16, when th^ were counted and to some extent re-arranged, but in 
tbe they had ceased to feed ; in fact, the great majority did not eat anything 

at all after capture. They were arnu^ed as follows, and were all compared August 21, 
both together and with those of Series IL 

A. A clear glwM cylinder was employed, 2*07 decimetres in internal diameter and 
7*0 centimetres in height. This was placed upon a floor of white paper, upon 
which a gmall quantity of the food-plant was lying horizontally, and the tylinder 
was covered with a sheet of white translucent “ opal ” glass, forming the roof. The 
larvae described in this division, although first counted and noted on the night of 
August 16, had previously been in the same cylinder with the same white roof 
(although without the paper floor, as the cylinder merely rested on the ordinary floor 
ho£uding of the room). On the night of the 16th they wm© placed on a table about 
six feet from a very large window, so as to be exposed to a good east light during the 
day. Before this time they had been upon the floor of the room under the shadow of 
the table. 'When re-arranged on the 16th, 11 larva were hangmg from the roof 
piepsvatoiry to pupation, and ly 4 P.3ff. on the l7th four had pupated and were 
removed, and by the same evening seven more had also changed. When compared on 
August 2lsb, there were 15 pupss arranged and coloured as follows : — 
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10 snspended from tlie roof J 
in a smallibli groap 


4 1 * 6010 ved Ang. 1 7. of wliicli all ere light (3), 3 with more gold than nsnal 

hat not the gold of (4). 

6 remained hanging, of which 6 were . . (.3), 2 lightish. 

1 was . . (4). 

4 isolated, suspended from various parts of the roof, of ^hirh 2 were - (4), 1 with nnnsual gold, but 

not equal to (5). 

2 „ . .(5). 

1 isolated, lying on the white floor, not attached to food-plant ; it wa& . (4). 


16 

The relative positions of the pupoo are shown in fig. 1 (:J-size)- 

Fig. 1. 



The cmcle represents one-fourth the size of the white- paper roof, looked at from below, 

BO that the points of attachment of the pupoe are seen (indicated by the 14 black 
dots). The dots 1-4 mark the positions of the 4 isolated pup©. The 10 dots at 
G similarly show the positions of the 10 pup©, which were arranged in a compact 
group. £)ach dot corresponds to the position of the boss of s ilk to which the 
papa was fixed. 

Various results come out very clearly from this experiment : — 

(1.) The larv80 were captured on the afternoon of August 15, and 11 out of 15 had 
pupated by the evening of August 17, vrhile seven of these pupated between the 
afternoon and evening of this day. I do not think that any of these larvse ate 
anything after capture ; it is quite safe to assume that the 1 1 which first changed did 
not feed. It is therefore probable that by far the greatest part of the period intervening 
between capture and pupation (about 48 hours) corresponded to the normal period 
which intervenes between the cessation of feeding and pupation. I have frequently 
noticed that when mature larvse, almost ready to cease feeding, are captured in the 
field they do not eat at all in captivity, but immediately prepare for pupation, the 
change appearing to be slightly hurried on by the shock given to the larva. In this 
species the period between the cessation of feeding and pupation, which will in future 
be called the “ preparatory period,** consists of three stages : — 

Stage L, in which the larva quits its food-plant and hurries about, seeking for some 
place upon which to pupate. 



828 MR. E. B. POTTLTON ON THE OOLOUR-RELATION BETWEEN EXPOSED 

Stage IL, in which the larva rests motionless upon the selected surface and towards 
the end of the stage spins the boss of silk for its subsequent suspension. 

Stage ni., in which the larva hangs suspended by its posterior daspers from a boss 

of sUk. 

It is to be noted that Stage 1. must be of very indefinite length, depending chiefly 
upon the vaiying proximity of places suitable for pupation. It will be shown that if 
such suitable surfaces are not reached the larva finally makes the best of anything 
whidi happens to be near, or often pupates in a horizontal position without suspending 
itsdfi IJnder ordinary circumstances the larva is exposed to the effective colorn- 
influence during Stages II. and III. only, for in the previous stage it is wanderii^ over 
surfaces of various colours ; hence the pupal colour must, as a rule, be determined in 
the two later stages. Further experiments will show that these important stages 
are of more constant length than the first stage. 

(2.) The experiment shows the great power of the white surface in pi-oducing light 

and gilded varieties. 

(3.) It shows the great influence of closely adjacent, but comparatively small, dark 
objects in modifying the effect which would have followed from a white surfece. Thus, 
of the 10 larvae, arranged in a small group so that the dark-skinned component 
individuals were exposed to mutual influence, 9 were (3) and 1 was (4), while of the 5 
larva isolated upon the roof and floor 3 were (4) and 2 were (5). No importance is 
to be attributed to the removal of the four first-formed pupa on August 17 (after- 
noon), because any effect produced by them on their neighbours must have been 
wrought before the transference took place. 

B. ATint.hftr set of laxva were blinded, and (August 16, evening) placed in a cylinder 
of almost the same size (2'16 decimetres in internal diameter, and 1’02 decimetres in 
height), with a «imi1ii.r roof and floor and amount of food, and the same conditions of 
li^t. It is, however, to be noted as very important that these larva had not been 
previoudy exposed to the influence of a white roof, but were taken from a cylinder 
covered with a dieet of green glass, the whole being placed upon the floor in the 
shadow of the tabla To compensate for this, the least mature larva were selected, 
those which, as far as possible, were feeding, or had not passed beyond Stage I. of 
the period before pupation- Nevertheless, the comparison with A. is unsatisfactory, 
because in selecting the least advanced larva out of very large numbers the results 
are liable to he influenced by the fact that such larva are often less healthy than the 
others, and frequently do not ultitrately attain die average size. On August 21 the 
following rwults were obtained ; — 
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3 lying on the floor, 
attaohed to tlie food 


not I 


2 deformed and 'with larval heads attached, hoth 

apparently light (2). 

normal light (2). 

3 suspended to the glass side f 2 deformed as above, both apparently, . • . (5). 

of cylinder L 1 normal light f3). 

2 siuspended to the roof (about 1 9 oentimetrea apart) both (4), but with little gold 

_ for this stage. 


8 

The deformity ia due to the fact that the larves, when blinded, dash their heads 
about, and so tend to spread the varnish over a much larger area, and it is thus liable 
to harden on the top of the head, and to prevent the latter fiom splitting in the 
complete manner which is necessary for ecdysis. 

I have been obliged to quote an “ apparent ” degree of colour for the deformed 
pupae, because it was difficult to judge them by the same standard as the normal ones. 
Jn the result it is to be noted that the white roof produced a strong effect on the 
pupae suspended from it, and that those attached to the side of the low cylinder also 
came under its influence. The floor was white, but the relative proximity of the dark 
leaves and stems of the food-plant may have made all the difference. On the other 
hand, these pupae were not crowded together, as in the majority of the A. division. 
This last important difference in arrangement, which must certainly produce some 
considerable effect upon colour, together with the possible sources of error introduced 
by the food necessary for many laiwse, induced me to alter the conditions of these 
comparison experiments in a manner which will be described below. 

Allowing for all uncertainties, there is no sufficient ground in the respective results 
of these two divisions (A. and B.) for the belief that the ocelli represent the larval 
sensory surface through which the colour influence makes itself felt. 


C. Nearly all the remaining larvae were placed (August 16, evening) in a large 
cylinder (2*89 decimetres in internal diameter and 1*02 decimetres in height) covered 
with one layer of black tissue-paper, and with a similar roof and floor. Thus, 
although the surrounding surfaces were aU black, a considerable amount of light could 
enter the cylinder. These larvae had previously been in the green-glass covered 
cylinder from which those of the B. division were taken. Compared with the others, 
and with Series EL, the results were : — 

- r 2 near together, both (8), one of them light (8), 
3snspeadeafiomtl»eroof|jj^j^^^^^ . . (S), daxkidi. 


1 suspended from the side W* 

2 on the floor were both (2). 


6 

Further experimentB will show that these results were largely due to the exposure 
previous to the eveniug of the 16th. I was unable to take notes of the hours at 
which suspension or pupation took place in this or the B. division, but, as the latter 
MDCCCSLXXXVn.— B. 2 tr 
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consisted of the least advanced larvae, very careftiU/ selected, it follows that the 
remainder, which (with two exceptions, forming D division) formed this division, 
were comparatively mature and doubtless far advanced in Stage II. of the preparatory 
period when the black roof was added. Nevertheless the results are important 
when -with others, as showing that the influence works upon the larva for some 
considerable time before pupation, and therefore, when it is only introduwd shortly 
before the change, great effects are not produced ; but the same conclusion will bo 
reached by &r more careful experiments, to be described below. 


D. Two larv» were already suspended from the green glass cover alluded to above 
on the evening of the 16tL The glass was placed in a vertical position in a strong 
north light, the larvae being on the side towards the room. On comparing, their 


colours were : — 


2 pB-pfiB, botH (3), 1 darkiflli and 1 liglitisli. 


Thus 31 pup 80 were obtained froin Series IIL, and I do not think that any of the 
larvm died. I did not, at the time, know the number of larvae in a company of average 
size, or it would have been dear that the captured larv© were merely the remnant of a 
company of which the large majority had already sought pupation. Being greatly in 
want of material, I searched very carefliUy, and, I believe, obtained all the larvae left 
on the nettle-bed. Had I known that the larvae were in this position, and therefore 
almost certain to pnpate directly, I should have acted differently. Burther experi- 
ments will show that, to obtain sufficiently accurate results, the most exacting 
demands axe made upon time and at a moment’s notice ; for as soon as the material 
is obtained the first few hours may prove to be the most important of all. 

Nevertheless, the condusions from A. division are most interesting, and thoroughly 
home out by other work ; and, allowing for all sources of error, the comparison 
between Au and B. is also satis&ctoiy. 

IV. — Another company of mature larvm was found, also on August 15, on a large 
patch of nettles in Binsey churchyard. On the evening of the 15th these were 
placed in two cylinders, one very large and covered with a sheet of dear glass, the 
other smaller and covered with a dieet of " opal ” glass. Both were on the floor, in 
the diadow of the table. On the next day they were re-arranged acoordiug to the 
following divisions. Oomparison of the pup®, together with those of all previous 
series exc^t I., took place August 22. 

A. In the afremoon of the 16th 12 larv» were taken from the large cylinder, and 
were placed in a smaU. cylinder (6*2 centimetres in internal diameter ; 1*18 decimetres 
in he^it) cxnrered with two layers of block tissue-paper, with a s imilar rooj^ also of 
two layers, and a black floor. Tha larvae whidx were sdected had not yet entered 
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Stages II or TIL of the prepaiatoiy period. All the 12 pupated upon the roof, and 
were therefore crowded close together on a black disc 6*2 centimetres in diameter. 
The results were : — 

Of the 12 pup» . 3 irere (1), not veiy decidedly Waok for this divisionl Hence these -were Teiy heard to 

4 „ (2), decidedly dark for this division / separate. 

5 „ (8), 4 of them dark (.3), one normal, but in all 5 there was the normal gold and 

pink gronnd-tint ; bnt the dark pigmeni^ where present, was mnoh 
hlackw than in the normal (3), so that these 5 presented a very 
different appearance from the (3) of other cylinders. 

It was interesting to note that seven out of the 13 were much darker than the darkest 
of Series III. By re-arranging these larvae a few hours earlier on the 16th, and by 
selecting the least advanced out of a larger number, the black suirotindings seem to 
have had the opportunity of producing their foil effect ; but it is also probable that 
these larvae were more easily influenced in this direction. 

B. The large cylinder (3*66 decimetres in internal diameter, and 1*34 dedmetres in 
height), covered with a sheet of dear glass, already mentioned, was left in the same 
on the floor, and in the evening of the 16th, when many larvae were advanced 
in Stage II. upon the roof, a sheet of black paper was placed over part of the latter, 
on its less shaded side, while a sheet of white paper was placed over the more shaded 
part. As the roof was formed of dear transparent glass, there wais every reason for 
believing that the saune effect would be produced ais if the roof had been really formed 
of black and white papm-. All the larva pupated on the glass roof in three groups, 
and their colours were as follows : — 

Groap 1 was under the black paper and consisfed of 25 pnpts, 

of wliicli 5 were (1). 

14 „ ( 2 ). 

5 „ (3), dark. 

1 was (3), with the gold of (4), hat 
— the pigment very dark. 

25 

Comparing these with the pupae of A. division, the (1) were alike, the (2) of A. 
were a little darker ; the dark (3) of A. were rather lighter, and the curious (3) 
difiered in that from A being more pink, that from B. more gold. There was very 
little difference between the dark (2) of A and the (1) of B., which are not at all 
extreme, although the resemblance is chiefly due to the especial darkness of the (2). 
The amount of very dark pigment on the (3) of both A and B. brings them very near 
the (2), but the prominent pink ground-tint is inconsistent with the latter degree. 

’ Qroap 2 was onder the hlack paper and consLated of 11 pupffi, of which 3 were (2). 

8 „ (8), an dark. 

11 

2 r 2 
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A very uniform group. The (2) and dark (3) re&emble those described above, and 
have the same relation to the A division. 

Ghvnp 3 was under the wMte paper, and oonsisied of 5 pupe, of wtioh all were (8), dark. 

All exactly resembled those described above under the same degree. 

No less 22 out of the 41 pup® were darker than any of Series III., and, 
omitting the four (2) of the latter, all the pup® in Divisions A. and B., except the 
two lightest (3), are darker than any in the preceding series. There were pup® among 
the dark (3) in Series III. with a greater amount of pigment than some of the dark 
(3) in the A. division, hut the pigment in the latter was much darker in colour, 
although their pink ground-tint was also more distinct. It is, however, perhaps safer 
to exclude the five (3) of A (I^.) from the above general statement as to the 
comparative da rkriflaH of these divisions and of Series III. 

The comparison instituted above seems to show that these larv® tend, as a whole, 
to produce darTrar pup® than those of Series III. Such a conclusion shows how 
important it is in these experiments to keep the larv® of the different companies 
carefully separate, for the error due to the different tendencies largely disappears in 
the experiments conducted within the limits of a single company. It appears that 
the white paper added when the preparatory period was far advanced nevertheless 
produced some alight effect, for none of the pup® suspended under it were darker 
t;hqTi dfl-rk (3), although on the more shady side of the cylinder. 

0. Some of the larv® ffom the other smaller cylinder, covered with “ opal ” glass, 
were (August 16, evening) placed in a cylinder (2*64 decimetres in internal diameter, 
and 9 centimetres in height) which had a roof of white glazed paper and a floor of 
ordinary white paper (common unruled white &olscap was always used for the white 
paper floors). This was placed in a good east fight, about 5 feet from a large window. 
None of the larv® in the former <ylinder were suspended when the change was mad^ 
but many were prepared for suspenrion. The following results were obtained : — 

Of 8 pnpe on {ihe floor, but not fixed to the 

food-plant • . • 2 ‘were (3}e 

Iwas (4)r 

,, 6 pnpe In a small gitinp snspended from 

Hie roof cdl were (3}^ 1 of them dark (8). 

„ 6 pap» ui anotlier small group, suspended 

froxn the opposite side of the roof . . 1 was (2). 

6 were (3), 4 of them light, 1 with xmiisiial gold, B 
with imnsnal piok. 

„ 1 pnpa, siu^iended to the side dose to the 
— last gzonpt o o was (3), dark. 

16 

The results show clearly that the larvee of this series were greatly xnfluetacejd by 
white eurrounding^ for the above list is a very sharp contrast with either of the 
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divisions A. or B. At the same time, the induencse was not nearly so strong as that of 
the same colour applied at the same time to Series IIL (A. and B.). So that there is 
further support for the conclusion that the latter series tended more strongly 
towards the light forms than the larvae of the company now being described. 

D. Another lot of larvae were taken (August 16, evening) from the smaller cylinder, 
those being especially selected which were as far removed as possible from auBpenaion. 
They were placed in a cylinder (1’85 decimetres in internal diameter, and 8 centimetres 
in height) covered with a roof of gilt paper, which descended down the sides of the 
cylinder for a distance of about 1'6 centimetres. The floor was of white paper, and 
the conditions of light were similar to those of division C. The following results 
were obtained : — 

Of 3 papeB on the floor, bnf not fixed fo tbs 

food-plant 2 were (3), 1 of them dark and 1 light, 

1 was (4), very golden. 

„ 2 pnpee on the glass side, about halfway 
between the edge of the gilt paper and 
the floor, and dose together (about 

1-3 centimetres apart) both were (8), 1 of themligbt, withnnnsnalgoldfor(3). 

1 pnpa on the gilt roof, jnst above the two last, was (3). 

1 „ isolated on the roof was (6), with plenty of gold, but not so extremely 

bright 8S is oommon. 

Of 4 pnp© in a little group on the roof ... 3 were (3), 1 more pinkisb than nsnal, 1 rather 

more g^olden; but neither could be 
called light (3). 

1 was (2), very dork; almost a (1). 


11 

These results are very similar to tlie last, and suggest the same conclusions. In 
both there is some evidence for tbe effect of the larval bodies upon one another during 
the preparatory period. 

E. (a) On the same evening (August 16) six larv®, as far removed as possible from 
suspension, were chosen from the smaller cylinder and placed in an “opal’ globe 
similar to that previously described (U., X), ■with a glazed "white paper roof and white 
paper floor. This was placed in a strong north light. When compared on the 22nd, the 
pup® had the following arrangement and colour : — AH the pup® were suspended high 
above the food, and near the top of the globe upon its overhanging sides, although 
none of them were fixed to the roof. 
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The most isolated pupa was . 5 4 centimetres from the one 

nearest to it 

The pupB* next in degree of 1 

isolation was 5-4 oentuneires from the last, and > 

8*4 „ ft another pupa J 


and it was (4), very golden. 

It was light (3), mmsTially pink. 


The pupa next in degree of 

isolation iras 3 4 centimetres from the last, and 

4*0 „ „ the nearest of 


It was light (3), tmnsnally golden. 


the group. 


The 3 remaining pnpoe were arranged in a gronp, at the angles of 
an isosceles triangle of which the sides were about 1'3 centimetre^ 
in length and the base about 2*1 centimetres. 


pPhey were all (3), 2 of them dark, 
although with 
pink oobur 
distinct. 


The eflfects produced by tbe white surroundingB are, perhaps, rather stronger in 
this case, are to be accounted for hy the especial care with which the less mature 
lary® were selected, so that the influeiioe was of longer duration. The delicate sus- 
ceptibility of the larv® to the darh bodies of others near to them is extremely well 
shown in the difference between the three isolated pupss and the three in a small 
group, and also in the difference between the most isolated pupa in the former 
number and the other two. 

(/3) At the same time six exactly similar larv© were selected from the same cylinder, 
blinded, and placed in an " opal " globe, under precisely similaj mrcumatances of food, 
light, &a The results were : — 


Of 8 pnps lying on the floor, but not attaobed to 

the food, 3 were deformed, and were apparently' 1 dark (8), 

1 light (8). 

1 -wafl perfect, and was (8). 

„ 2 snspended more *l»«n halfway up the aides of the globe and I'OS decimetre apart, both were (8). 


La the relative results of (a) and (j8) there is no sufficient reason for believing that 
the blinding produced any effect Three of the blinded larva pupated in close 
proximity to the dark food, and therefore ware in this respect under darker 
infliiATiPfia than the unblinded larv® ; but, ou the other hand, the latter were more 
crowded, and so were under darker iuffuences from another cause. Such an uncertainty, 
introduced into an experiment conducted with oonsidOTahle care, cshiefly induced me to 
separate the larv® to a far greater extent^ so as to diminish the errors due to both 
causes. 


Thus 91 pupa were obtained from Series IV., and very few of the larvaa died. It 
is, therefore, likely that I had obtained nearly the whole of a smallish company, and 
that none of them had previously left the nettle-bed. The results are open to 'the 
criticism upon Series HL, hut -to a rather less extent, because, thelarv® being sligh-tly 
less advanced, there was more opportunity for the influence of the coloured smv 
Toundmgs when the re-azrangement took place on the evening of August 16. The 
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demonstration of a somewhat different tendencj' in the larvae of this company, as a 
whole, from those in the preceding company is of importance. 

‘V’.' — The remnant of a company was found (August 22) on a very large nettle-hed 
close to South Hincksey. From the extent over which the larvae ranged, and the 
amount of nettle which had been eaten, it was evident that the company had been 
very kige. Professor BrsDOif Saxdeesost was with me at the time, and I spoke of the 
negative results of the blinding experiments, and asked his opinion as to the possible 
presence of the desired terminal organ in connection with the large and complex 
bristles which are present on the larvae. As a result of our conversation, I determined 
to devote the greater part of these laiwas to the investigation of this questioa I also 
wished, by the careful study of a few krvae of this company, to ascertain as accurately 
as possible the duration of the period between the cessation of feeding and pupation, 
nTiil of its constituent stages, especially II. and III. It was to be expected that 
Stage I. would be abnormally short, as the larvse were confined in so limited a space. 

The stock of krvae were placed at 10.30 P.il., August 22, in the two cylinders 
mentioned in III., A., and III., B. ; similarly arranged, with “ opal ” rook and white- 
paper floors, but placed so as to receive a strong east light just beneath a large window. 
The experiments are described below under their respective divisions. 

A. On the evening of August 32 a few larv» were selected to foim the subjects 
of experiment to test the above-mentioned suggestion as to whether the krge 
branoHng spines contained any terminal organ which received impressions from 
coloured surfeces, and was thus the means of modifying the pupal colours. There are 
seven of these spines on most of the segments, and when they were snipped off the 
bases bled a little, and so it was dear that a subcuticular core was contained within 
them. 

(a) Four krvae, apparently stiQ feeding, were selected, and their bristles were care- 
fully snipped off, being cut as near to the base as was consistent with safety. These 
larvse were placed in one of the two compartments of the gilt box already described, 
which faced a strong east light, standing about two feet from a krge window. The 
history of the larv® is given bdow : — 
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Stage I. of preparatory 
periodfl. 

Stages L and IT. of preparar. 
tory periods. 

Stages IL and m. of pre- 
paratory periods. 


»» »* 
„ 24 


Ane. 22. 10 30 P.M. . . 4 shorn lairsa placed in compartment. t ^ x 

28 Mominjr . . . Very little food eaten, and larvee crawling Stage^ I. of preparatory 

” np sides and on roof. ^ ^ perio^. 

„ Early afternoon Larvea are crawling np sides and sitting Stages L and U. of prepara- 

’ oaroof, TTT . 

g p jj , . 2 suspended, and apparently another Stages XL and of pre- 

” " • • ■ • nearly ready. paratory periods. 

„ „ 9.80 P.M. ... 2 more snspended. 

24. 2.43 P.M. ... 3 hare pnpated some little time : an hour 

” or two. If the 3 larvae ceased feeding 

about the time when they were placed 
in the compartment, it wonld make the 
whole preparatory period about 38-39 
Lonrs. 

2.47-2.53 P.M. . The last was seen to pupate at this time. 

* The two larv® which were last to enter 

Stage IIL may be asBumed to have 
become suspended about 7.45 p.m., 

Aug. 23, and hence Stage HI. lasted 
19 hours in one case and 17-18 hours 
in the other. 

Of tte pupffl, two were in a comer of the roof, only 6 mm. apart, the third being 
2*7 centimetres away from the one of the first-mentioned pnpse which was nearest to 
it, while the fourth was similaxly 2‘4 centimetres removed in another direction. Thus 
all four paps were suspended from the roof. Their colours were compared August 26, 
4.15 P.M. - 

Of the 4 pupfis 1 was a very light f3) coming near a (4). 

2 were .... (4), very brilliantly golden. 


2 were 
1 was. 


, very brilliantly golden. 


4 

(j3) Fire similar normal larvse were at the same time placed in the other compart- 
ment of the gilt box. One was removed on the 24th (see the B. division), while still 
feeding ; so that it is not necessaxy to describe it below. Their history is as follows : — 


Aug. 22. 10.30 p Ji. . . 
„ 28. Homing and 
afternoon. 

„ „ 9,80 p jc. . . . 

^ 24. 2 A.M. . « . • 

,, ,, 8.85 A.K. . . « 


2.48 PJtf. 


UA6 KM. 


25. 8.40 JiJU • 


5 normal larvaa placed in compartment. | 

The larvea have been upon the roof most 
of tiiB day, except one, which was 
removed on the 24th. 

1 is suspended. 

Same. 

3 suspended; but 1 has come down from 
the roof, and is wandering about 
actively. 

1 has just puTOted, and quite fresh. 
sumiug ihe larva to have oeened feeding 
about the time when it was placed in 
the box, the preparato^ period would 
be about 40 nours, and n suspension 
took place about 7.45 p.m., Aug. 28 (as 
is most probable}, Stage Hx. wonld 
have lasted 19 hours. 

2 more pupated, 1 reofflitiy, the other in 
the l^t bfw hours. If suspension began 
about 5.15 AJf., Aug. 24, the length of 
Stage m. would he about 18| hours in 
oneoaBeandafewhourslesB intheother. 

The last has pupated some hours. 


Stages 1. and II. of the pre- 
paratory period. 

Stage m. of the preparatory 
period. 
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All four pup© were on the roof — ^tliree in a line along the right side, the anterior 
pupa 3*2 centimetres from the middle one, and the latter 2 '2 centimetres from the 
posterior one. The fourth was on the other side of the roof, heside the yertical 
|>ai’titioii, and 9*5 centimetres away from, the nearest of the others. Thus all 
were rather isolated, especially the last, but it was in a position which was on the 
whole less strongly illuminated. The colours were compai'ed at the same time with 
the (a) sub-division : — 

Of the 4 pupce tbe 1 by the vertical partition was light . (3). 

The 3 others by the side of the box were all (4), veiy golden, but not equal to the (4) 

pupOB of the shom larvce, except in 

one cose, which is near a (,5). 

4 

Tlie comparison between these two sets is, as far as it goes, completely destructive 
of the theory that the bristles contain the teiminal organ which was sought for. The 
pupse of the shom larvae are on the whole rather the more brilliant. Both sets show 
well the extremely powerful influence of the gilded surface upon the larvae. There 
are adso certain data from which we can arrive at a fairly accurate estimate of the 
length of the preparatory period and of Stage III. 

B. On the morning of August 23 the two (flinders containing tbe stock of larvas 
were examined, and it was seen that one larva had left the food, and was resting on 
the roof. This larva was joined by five others about 11 a.m. They were all sitting 
motionless (Stage IL), but when removed and placed on fresh food they would some- 
times eat a little. At noon on the 23rd five law® were removed from the two 
“ opal “-roofed cylinders, and were placed in separate cylinders of nearly the same 
height, and all of the same internal diameter, Le., 6*1 centimetres. Two of these 
larv® (numbered 1 and 2) were among tbe six larv® which had already entered 
Stage II. cylinder had a roof of white glazed paper, and two-thirds of the 

circumference was also surrounded (externally) by the same material, while the floor 
was of ordinary white paper. The cylinders were placed with the dear uncovered 
side fefing a strong east light, about two feet from a laage window. On tbe floor of 
each a single nettle-leaf was placed, which was renewed, if necessary, hut always 
removed when the larva had ceased to feed. Thus the conditions appeared to be as 
nearly equal as it is possible to make them. The cylinders were numbered 1 — 6, 
and the larv® were known by corresponding numbers. In ccnnparing the results. 
It must he remembered that the larv® numbered 1 and 2 were taken from the roof of 
the large cylinders in which the stock was kept, while those numbered 3, 4, and 
6 were taken from the food-plant. Number 6 being added much later, and taken 
from the food-plant in one compartment of the gilt box previously described. The 
olgect of the experiment being to determine the lengths of the three stages of 
the period preparatory to pupation, the cylindera were frequently examined, the 
results being shown in a tabular form below : — 

MDCccstaixxvn. — b. 2 x 
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From the data the approximate duration of the respective stages was estimated by 
taking the mean of the times between which the beginnings and ends of the stages 
occuiTed, the following results being obtained : — 


Larva 1 
, « 2 

1 » 3 

1 •, 4 

1 M 5 ' 

6i 

Stagea I and II. 

Stage III. 

The Trhole preparatory period. 

Tncoinpiete 

Incomplete 

About 2i)i hrs. 

,t 14j „ 
lo 

Incomplete 

About 23 hrs. 

Uncertain 

About 204 hrs. 
ooi 

« —a » 

20j ,, 

„ 19 

Incomplete 

Incomplete 

About 404 hrs. (very nearly correct) 
About 3Gf hrs. 

1 About 364 Clearly correct) 

1 Incomplete 

' Averages 

j 

Average of the 3 mstances Average of the 5 instanoes 
16^ hrs. 21 hrs. 

Average of the 3 instances 1 

374 Ira- 


Comparing these averages with the estimates in Division A. of this series, the length 
of Stage in. is here rather longer, and that of the whole period slightly shorter, 
but without much difierence. It is to be noted that in three cases (Nos. 1, 4, and 5) 
Stage III. was passed in the dark, and that the duration of the stage was mther longer 
than in the other larvse (except in one case, in which the length was the same as that 
of the shortest of the stages passed in the dark). If the stages were somewhat 
protracted by this treatment, of course the whole preparatory period would be 
correspondingly lengthened. Evidence in favour of such protraction will be found in 
some of the later experiments upon this species, and also in the case of the PieiddsB.* 

The exceptionally short duration assigned to Stages I. and 11. in Larva 4 may be 
partially explained by supposing that the stage really began very soon after 1 P.M. 
on August 23 (instead of at 3.30 P.M., and thus halfway between 1 p.m. and 6 P.M.), 
and that it was thus about two hours longer. Such a supposition is rendered 
probable by a comparison of the times of pupation of Larvse 3 and 4. 

In such small cylindei*s the larvse wandered vei*y little before fixing on the position 
in which to suspend themselves, and therefore Stage L was reduced to a minimum. 

As to the coIoui*a of the pupse, there was very great uniformity, Pupa 6 being the 
lightest, then Pupse 1 and 2, and then, after an equal interval. Nos. 3, 4, and 5 ; but 
the whole of the difference being comprised in the slight interval between normal (3) 
and very light (3). Thus the white-paper back-ground produced much less effect 
than the gilt back-ground in Division A., and the lightest of these pupss, 6, had 
already passed Stage I. and much of Stage H. in the gilt box. The removal of three of 
the larvse into darkness during Stage III. produced no apparent effect, but the numhers 

* This probable effect of darhness appeared to be so important that I experimented upon 44 larvea 
during the past sumnier (1887) -witb the object of testing the aboTe-mentioned conclusion. The larvae^ 
placed in a strong light, were surrounded in some cases by gilt and in others by tin suirfaces ; those in 
the dark being surrounded by black paper. Without giving the details of the experiment, I may say 
that its results conclusively proved that darkness docs considerably protract the preparatory period. 
There did not appear, however, to be any evidence for the supposition that the gilded pupcp pass through 
a shorter preparatory period than those which are less brilliant, when both are equally exposed to light. 
September 10, 1887. 


2X2 


840 MR. B. B POTJLTON OST THE OOLOUE-RBLATION BBrWBBlT EXPOSED 

employed, together with their results, are inauflEloieut evidence fi'om which to conclude 
that the larvee are not sensitive during this stage, although it appears almost certain 
that the earlier Stage 11. is the time of chief susceptibility to surrounding influences. 
It will be shown that the larva can hardly be susceptible after the first part of 
Stage III., and it is very likely that in two out of three instances the most important 
and earliest hours had already elapsed when the larvae were ti-ansferred ; this suggestion 
cannot, however, explain the case of No. 1, for this larva must have been shifted very 
soon after the beginning of suspension. 

C. Ajint-hfir division of larvae was taken from the “ opal ’’-roofed cylinders and made 
use of in order to test whether the spines contain the terminal organ which receives 
impressions from coloured surroundings. Nine larvae were carefully shorn of their 
bristles on the everdng of August 23, and two of them were left in one of the above- 
described “ opal ’’-covered cylinders as they had quitted the food and were restmg on 
its roof, while the other seven, being rather less advanced, were placed one in each of 
seven “ opal” globes ftimilar to those previously described, except that a glazed white- 
paper roof was, in nearly all instances, fixed to the smaller opening, while the edge of 
the larger opening of the globe rested on a floor of ordinary white paper, upon which 
never more than two leaves were placed at one time, renewed when necessary, and 
removed when it was ohvious that the larva had ceased to feed. Seven exactly 
similar, but normal, larvss were placed in seven other globes, all conditions being 
identical, except the following unimportant differences, which were compensated as far 
as possible : — The globe numbered 1 below was lower and smaller than the others ; 
that numbered 2 was turned with the larger end uppermost and covered by the roof ; 
5 and 13 had been broken and were mended with white glazed paper, so that there 
was more surfime of paper in 5 than in the others, the loose piece in 13 being merely 
retained in its place by paper glued on to the outmde of the globe. The 14 globes 
were arranged on two shelves, one above the other, in a strong north light dose to a 
large window, and the two series of larvss were placed in alternate globes ; the shorn 
larvm occupying globes with the even numbers 2-14, the others occupying those with 
the odd numhers 1-13 ; and Globes 1-7 occupied the upper shelf, 8-14 being below. 
By this arrangement all possible errors due to differences of iUumination were com- 
pensated, for as soon as a larva had ascended the side or had suspended itself the 
globe was always turned round, so that the larva was next to the window. Such 
an experiment was certain to yidd useful results, apart from the main question of a 
possible terminal organ in the Inistles ; for, by noting the results of frequent exami- 
nafibn, it was possible to gain fiirther knowledge of the three stages of the preparatoiy 
period ; and, aa in the larvse of Division B., the action of white surroundings upon the 
larvss was tested in the most satisfactory way by the elimination of the sources of 
error present in the otherwise siinilar experiments of the preceding series. The results 
of exammation are expressed m a tabular form below. The larvse numbered 4 and 5 
died, and ate not fiirther alluded to. 
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From this Table the duration of the stages can be approximatelj estimated as 
follows : — 



Stages I. and IL 

Stage IIL 

The whole period. 



hn 



hn 

TninR. 


hJb 


1 

About 

8 

22 

About 15 

50 

About 24 

12 

2 

5 

IS 


20 

20 

)) 

25 

85 

3 


5 

0 


19 

10 


24 

0 

6 


5 

16 

91 

20 

20 

99 

26 

35 

7 ! 





19 

10 


• . 

45 

8 


15 

50 


17 

0 

99 

32 

9 

4 

18 

iJ 

16 

0 

99 

20 

20 

10 

12 

99 

16 

8 

0 

22 

99 

99 

19 

25 

45 

35 

99 

99 

35 

.34 

45 

0 

13 


2U 

20 

99 

14 

30 

99 

35 

0 

U 

sr 

1 

10 

35 

99 

14 

.30 

99 

25 

0 


The comparison between these pup® and those of Division B. was most cwefiilly 
carried out, and the two divisions were compared together. The method adopted in com- 
paring the results of aU careM experiments was as follows. The pup® were arranged 
side by side on a sheet of white paper, so that all their ventral surfaces were illum- 
nated by a strong east light which fell upon all the pup® at the same angle ; having 
thus decided upon their arrangement in the order of relative darkness or amount of 
gilding, th^ were all turned over, or the paper turned round so that the dorsal 
Bur&ces were illuminated in the same manner ; and the previous order was confirmed 
or modified, as the case might be ; but on very nearly all occasions the two surfaces 
gave corresponding results, and the only exceptions were when the diflerences were 
extremely slight. The results of the experiment tabulated above agree with those of 
Division A. in being destructive of the supposition that the desired tevnivicd orgctn 
exists in the larral bristles. The figures seem to be very conclusive on this point. As 
to the length of the stages and of the preparatory period brought out by the above 
Table, there is little doubt that the larv® had in nearly all cases begun the period 
before being placed in the globes, and that the estimated length of the whole period 
and that of the two i-ni tial stages is far too short in nearly all cases. Further 
evidence of this sug g estion will be adduced in the next division (D.). It is probable 
that the estimated length of the lust stage (HI.) is, on the whole, about normal, as the 
above 11 instances give an average length of IS hours 16-;^ min. for this utage. 
A few of the larv® seem to have passed through periods of about normal length. 

D. Another HTTut.H number of larv® were also made use of to test the presence of 
terminal organs in the bristles. They were divided into two subdivisions as before: — 

(a) Of the nine larv® which were shorn on the evening of August 23, two had 
already quitted the food and were upon the roof or side. These were left in the lower 
of the two “ opal ’-covered cylinders with white-paper floors (described in III., A. and 
B.}, the fi)od was removed, and another larva was added wbiob had been shorn on the 
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nigtt of August 22 with those of Division A. in this series. The history of the 
larvse is given below : — 


Aug. 23, evening 

2 larvfis on roof: the 3rd (lasb added) 


(10.16 P.M.) 

on floor. 

Larva 1 may have been suspended about 

Aug. 24, 8.35 A.M. 

The last added snspended from side : 

others still on roof. 

3.30 A.M 

„ 9.16 A.H. 

Another suspended : the other has come 

Larva 2 suspended about Dam. 


down again and wandering. 

„ 3 may bave come down about 

8.55 A.M. 

„ 12 noon 

Last still wandeiTng 

Larva 3 may have gone up about 1.21 p.m. 

„ 2 43 F M. 

It has gone up side, and is rebting on it 

„ 6.36 P.M 

Suspended 

„ 3 suspended about 4 p.m. 

„ 11.30 P.M. 

Suspended. 

1 and 2 may have pupated about 4 a.m. 

Aug. 26, 8.40 A.H. 

The first two larvas have pupated some 

hours. 

Stage m. in 1 was about 24J hours. 

„ in 2 was about ID hours. 

„ 8.80 A.M 

The last larva has pupated in the last 

Hence Stage III occupied almost exactly 


10 minutes. 

16f hours m Larva 8. 


Two of the pupae were near together, towards the top of the side of the (ylinder 
farthest finm the window, and 1’7 centimetres apart ; the third was on the roof. 


Of the 3 piipes ihe 1 
Of the 2 

8 


on the roof yrsa a darkish. (3). 

„ side 1 (the larva last added) was . . . (4), without much gold. 

1, the last to pupate, was a very light (8). 


(jS) In the other, rather higher, cylinder two similar normal larvm were left. 


Ang. 24, 8.35 a.m. 
„ 2.56 P.1I. 


Both suspended . , . . 

1 has pupated since 2.48 p.u. 


^5 


6.5 p.if. 


The 2nd has pupated since 5.85 P.n. . , 


They may have suspended about 3.30 a.bi. 
Pupation at 2.50 p.m. Hence Stage IlL 
would he about 11 hours. 

Pupation at 6.45 P.M. Hence Stage DI. 
would be about 15^ hours. 


The pupflB were both on the roof and 1*5 centimetres apart. The two pupm were 
both very light (8). 

This experiment confirms the conclusion derived from the others : that the spines 
do not contain any organ essential to the larval sensitiveness to colour influences. 
It is also seen, as in the other divisions, that the white surroundings are much 
less powerful than the gilt surroundings in the direction of producing the gilded 
appearance on the pupae. There are also some additional data for the estimate of the 
duration of Stage III, and in the case of Larva 3 in the (a) subdivision the stage has 
been defined with practical accuracy (16|- hours). In the other larvae there are 
poBsibilitles of wide differences from the times at which it is assumed that suspension 
began or pupation took place, and therefore less importance is to he attached to the 
estimates. The preparatory period had in all cases commenced before the larvas were 
periodically examined, but in Larva 8, subdivision (a), 34-^ hours elapsed after the 
examination began. This larva was evidently in Stage II at the commencement of the 
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investig&tion, but (probably on account of disturbance) it again, wandered, for a short 
time, passing tbrougb another Stage I. of about 4-^ hours, and then again an 
exceedingly short Stage II. of only a little over hours, the final stage being, perhaps, a 

little less than normal. These facts throw further light on the stages of certain larv® 
which appear to be most abnormally short, and seem at first sight to show that it is 
impossible to obtain an average duration for the stages which would be of any 
practical value for the investigation of any particular larva. Such a conclusion might 
be arrived at by comparing the exceedingly divergent estimates of Stages I. and II. in 
Divisions B. and 0. of this series, and also by comparing the estimated lengths of the 
total periods in these two divisions respectively. But the above-described larva 
shows us how after disturbance the whole preparatory period may begin again and all 
its stages maj be passed through, but that under these circumstances the stages, 
and especiully the two initial ones, are considerably abbreviated. It baa been 
remarked above that the larva may even feed again after disturbance and before the 
recommencement of Stage L, so that the resemblance of the abbreviated period to one 
of normal length may be very dose. And there is independent evidence for this 
explanation of the abnormal shortness of the stages and periods in Division C., for in 
the introductory sentences of Division B. it is shown that six larv® were already in 
Stage n. on the morning of the 23rd, and of these only two were made use of for 
Division B. It is certain that many othears bad also entered this stage when the larvae 
were shorn, and the experiments described in Division 0. began in the evening of the 
nnTifiA day, although disturbance had led the larvae to quit the I'oof and in many eases 
to feed again both before and after they had been placed in the globes. Further 
data will confirm this explanation of the apparent abnormahty in Division C. 


Before proceeding to the next series, it will be advisable to recapitulate the results 
of the experiments upon the shorn larva, and then the subject need not be further 
alluded to. 


BhlBicnL 

SuRoonduigiB. 

Degreea of tolonr in pnpee of shorn 
laiTfis 


Degrees of colonr in pnpte of noinul 
Isms. 




1 ^ a 8 

Light ^ A 

B * 

5 

1 

. 

1 

2 

Duk 

8 

8 


D 

5 

A, 

^ { 
{ 

Gilt hox .... 
'White «opal”l 
globee J 

••Opd” cofvesred \ 
ejlinders j 

1 » 

« . 1 * « * • 'a 

1 ' ' X ' 

1 

1 

2 

1 

. 1 

1 

1 

•• 

.. 

8 

1 

1 

*2 

8 

% 

.. 


Toiila. 

• » 

-I- 

5 

* 

1 

» 18 

•• 

•• 


8 

4 

5 


- 12 


The above Table shows how completely the suggestion was negatived by the 
eaperiments ; it also indicates that the gilt surroundings were much more powerful 
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the white, and this is further confirmed if the results of Division B. he taken 
into consideration. I also noted that when the pupae produced respectively by these 
two surroundings were equally brilliant, and were therefore placed in the same degree 
of colour, those which had been influeuced by the gUt surface were of a much deeper, 
truer, gold-colour than the others, which were often mlvery-white. I had abundant 
opportunity of confirming this observation on subsequent occasions. The total number 
of pupae obtained from this division was 31. 

YI. ^Another series of larvae were also obtained from the same large nettle-bed 

near South Hincksey, August 22, but they were on a different part of the bed from 
those of the last series, and were also much less advanced. They probably constituted 
the whole of a very small company. 

the negative results of the experiments upon the bristles T determined to 
renew tbe blinding experiments, making use of all the precautions which had been 
observed in the last series. 

A. In this experiment the two “opal "-covered cylinders, already frequency alluded 
to, were made use of. The history of the experiment is given below in a tabular 
form: — 


MDOCCLXXXVn. — ^B. 


2-y 
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Bates, &Gu 

(a) 12 normsl larree in opal-covered cylinder 
with wiiite paper floor. 

(jgi) 12 blinded larvsa m a Rimilar cylinder 

Aug. 25, lO.SO p.if. 
Aog. 26, 9.85 A.11. 

„ 12.10 p.H. 

„ 12.40 F.3I. 

„ 8.30 P.M 

„ 6,30 P.H. 

„ 7.50 P.M. 

„ 9.10 P.M. 

„ 10.45 P.M. 

„ 10.55 p.u. 

11.25 P.M. 
Aug. 27, 9.40 A.H. 

„ 12 Kooir 

1 „ 1.15 p.«. 

1 

„ 2.12 P.M. 

„ 4.7 PJ». 

„ 9.30 P.1C. 

„ 10.58 P.V. 

Aug. 28, 10 A.X. 

Larrw placed in cylinder 

Only2 on food-plant; rest getting ready 
for BtLSpension 

1 of those on food-plant is really sus- 
pended fiom it; not noticed previously 

2 susp^ded altogether; hut all others 
ready. (1 about 2 p.m.) 

2 suspended altogether; hut all others 
ready. (1 about 2 p.m.) 

6 suspended altogether; hut all others 
ready. (4 about 6.40 p.fli.) 

10 suspended altogether; but all others 
ready. (4 about 8.30 p.m.) 

11 suspended (1 about 10.50 p.m ) 

No ohauge 

2 pupated an hour or two ; all suspended. 
(Hence Stage til. about 19 hours ; this 
must he nearly oorreot for 1 of the 
papo) 

5 pupated alto^her. (3 about 11 A.M., 
and Stage IIL about 16 houTB) 

10 pupated altogether (5 about 12.37 p.m., 
Sta^ IlI. about 16 hours, in the 
case of 4 pupee, and not very difEerent 
with the 5tb ; 

10 pupated aJtog&fiker 

11 pupated altogether. (1 pupated 
about 3.10 P.H., and Stage UL about 
16 hours 20 nunutes) 

1 All 12 have now pupa^ 

. . 

Laarvffi blinded and placed in cylinder. 

3 suspended ; the remaining 9 rebliuded; 
only 2 on food-plant; rest preparing 
for suspension. 

No chiuige. 

4 suspended; only 1 on food-plant. 

(1 about 12 25 p m.) 

7 suspended; only 1 on food-plant. 

(3 about 2 p M.) 

7 suspended; only 1 on food plant. 

(3 about 2 P.M.) 

9 suspended ; only 1 on food-plant. 

(2 about 6.40 p.m.) 

10 suspended; only 1 on food-plant. 

(1 about 8.30 p.m.) 

1 pupated, among a group on the side, 
quite recently; green and still very 
soft; 9 suspended, 1 ready for pupa- 
tion on floor, and 1 stdll feeding. 

No change. 

8 have pupated ; 1 very recently (Stage 
in. about 15 hours) and 2 an hour or 
two (Stage ni. about 18 hours) ; the 
others many hours ; among latter is 
the one lying on the floor ; the last 
larva to feed is now ascending side. 

9 have pupated (about 11 a.m., Stage 
m., 16 J hours about) ; the la^ larva 
still wandering. 

The last larva has gone up to roof. 
(12.37 P.M. about; Stage L at least 

3 hours.) 

10 have pupated altogether. (1.46 p.m. 
about; Stage III. about 17 J hours.) 

11 have pupated altogether. 

The last larva is suspeuded. (About 
6,45 p.m, ; Stage II. about 6 hoars.) 

The last larva is suspended. 

The last larva has now pupated quite 
recently. (Thus Stage 111. about 15 
hours, and the whole period only 
about 24 hours sinoe 9.40 A.M., but 
Btagel.xnay have begfunmuoh earlier.) 

Aug. 29. 

Oomparison of 
results 

1 8 on roof, much crowded, and of these 
j 1 pupa was (2), darkish. 

1 2 pupae were tok (31 

1 2 „ „ Kght(8) 

2 also on roof, close together, but a long 
distanoe from rest, were boil 
light (3) 

1 on side (clear glass) and isolated, 
very dark (8) 

1 on. floOT attached to food, but not ii 
— dmdow at all, was (4), normal 
12 with laffge smount of gold. 

1 6 very crowded on side (dear glass) 

towards light : these were 

2 very dark (3), almost (2). 

4 . . . (3), 1 of them rather 

lightish, but not a light (8). 

; 1 <m side, isolated, towards light, (4), 

L very pink, with rather small 

amount of gold. 

, 1 on floor, isolated, very light (3). 

4 on roof, and isolated, were 

1 - 1(3), 

,12 2 (4), golden. 

1 (5), normal. 

- 
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ThtiB the blinded laxvse were, on the whole, more golden than the others, hut of 
sourse no significance can be attributed to this. From the frequently reoarring 
sxamination of the laxvse it is possible to form a very accurate estimate of the 
iuration of Stage HI., although the whole period and the other stages cannot he 
sitnilarly made out from the notes. The different estimates are as follows : — 

hrs. nun. 



15 0 

16 0 

16 } 0 
16 20 
17} 0 
18 0 
19 0 


16 lai'Tss. 


Ayeiage .... 16 87 


Thus estimates were obtained for this stage in 16 larv® out of 24, and in many 
cases the estimates must have been very nearly accurate. Furthermore, the extremes 
only differ from each other by four hours. 

In addition to the above estimates, there is some insight into the other stages of a 
single larva in (;8) subdivision, and in this instance it is shown that Stage I. must 
have occupied at least three hours, and Stage II. about ^ hours. 

The experiment also shows the effect of white surroundings. 


B, The globes already described in Series V. were made use of for this experimeut, 
all the arrangements being identical, except that ^los. 5 and H were omitted (as they 
still contained larvae of the previous series). The laivse in the globes were alternately 
blinded and noimal, two larvie being placed in each globe, except two (numbered 
18 and 14), for it was thought that if allowauTO were made for their poation this 
number might be safely included without introducing error. Notes were not taken 
with sufficient frequency to render it possible to estimate the length of the stages of 
the prepaiatory period, and therefore it is unnecessary to give more than the results 
of the experiments. The larvae were introduced into the globes on August 26, 
10.30-11 A.M:. : — 


2 V *2 
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Bate when found pnpated. 


Position la globe. 


Globe 

Normal, 


I Bolili on Aug, 27, 9,30 p.m. 

Globe 2 r 
Blinded. \ 


Both f TLp and on opposite 


3. N. I 

4. B. 

6. N. { 

7 . B. 


One „ „ 99 

One later 

One on Aug, 27, 9,30 p m. 


One 

Botb 

One 

One 

Botb 


9.50 A.M. 


„ 9.30 pv.| 


9) 

9.50 A.H. 
9.80 P.H. 



99 »> L 

„ 9.B0 A.H.) 


9.30 P.H, 


One „ 

One „ 

One „ 

One later 

Both, on Ang. 27 , 9.30 p.h* 

9 99 '9 

, „ 9.50 i-u. 

Oae (only) on Ang. 27 , 9.30 p.m 


Comparison of oolonrs Angnsii 29. 


Both low down and about 
jkoiroumferenoe between 
tbem. The higher pnpa 

One on white-paper floor . 

One f up 

One suspended from paper 
roof 

One on floor (deformed) . 

One f up 

One on floor 

Both ^ up and 8*2 om. 
apart 

Both f up and 1*2 om.M 
apart ^ 

One J- up . . * » . 

One on floor (deformed) 
Both rather over J up and f] 
1*3 cm. apart ( 

One fell down, probably^ up 
One on top, iued to globe 
rim 


J 


One 


9.50 A.M. 




up 


ne on floor (deformed) 


Both light (3). 

One very dark (3). 

One very light (3). 

(8), with dark pigment, but 
prominent pink tinge. 

(4), pink rather than golden. 

Apparently light (3). 

Very light (8). 

(4) ; not mnch gold, very pink, 
great absence of pigment. 
Both (4); not much gold, 
very pink, great absence 
of pigment. 

One dark (3), one (3). 

Light (3). 

Apparently light (3). 

One darkish (3). 

One (3). 

Yery dark (3). 

Yery dark (3). 

Light (3). 

(4), nonnal pink and gold. 


As in all the other cases in which the krvse were blinded, this experiment yields 
negative results, and subsequent to this date blinding experiments were not further 
pursued (except in Series TUI. and under other conditions). The effect of proximiiy 
is doubtless seen in the darlriah colour of the pups in Globes 8 and 10. 


OL In an examination and re-airangement of the stock of larvs (in a large dear glass 
cylinder), August 26, three were found suspended from the food-plant and much 
ntimlAt T j and were transferred to the gilt compartmented box, while three more were 
suspended fictm the dear glass roof, which was placed over a black cylinder and 
covered with black paper (on its upper free surfece). Thus the experiment was 
intended as a further teat of the larval susceptibility during Stage HI. 

The experiment was conducted as follows : — 
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Dates 

(a) 8 lenrea transferred to gilt box for all or 
part of Stage 111. 

(/3) 8 ifl-rvjp transferred to black (^lindor for 
all or part of Stage 111 

Atig 26, 10.55 A.M. 

4 30 P.M. 

„ 6 30 p u. 

„ 7.50 P.M. 

„ 9.10 p M. 

„ 11.30 P.M 

Avg. 27, 9.40 A.M. . 

3 suspended larvae transferred from 
food-plant to gilt l30z 

Still suspended 

1 pupating. (Thus Hours of Stage 

nr. were passed in tHe box.) 

So cHazige 

Another pupated about 8.80 f m. (Thus 
about lOf hours of Stage lH. were 
passed in the box. ) 

No chango . 

Last pupated many hours, about 4.35 
A.M. (Thus about 17f hours of Stage 
in. were passed in the box.) 

8 larvae, suspended to a clear glass roof, 
transfea*ed to black cjbnder. 

Still suspended. 

>S 9} 

99 99 

All 3 pupated many hours, about 4 35 

A H. ^hus about I7f houra were 
passed in the dark.) 

Aug. 29. 

Results of com- 
parison togetlier 
and mth all exa- | 
mined on tlus 
date. ^ 

All 8 papas were (3), one of them a 
little d^kish, and none quite so light 
as the (8) in the dark cylinder, but 
very little difference between any of 
the (3) in gilt box or dark (ylinder. 

1 of the 3 pupas was a dark (2). 

1 „ „ (3)* 

1 „ 9 , lightish (3), 

— rather more gold than usuaL 

3 


CJomparison of the dates shows that two of the larvae in the box cannot have passed 
the first and presumably the sensitive part of Stage III. under the influence of gilt 
surroundings, and it is by no means certain that the third larva pupated at a time 
near the hour which is selected, for the limits were very widely separated, and the 
estimate therefore becomes exceedingly rough. The three larvae in darkness all 
pupated in this wide interval of time, but here it becomes more probable that one or 
more of them passed almost the whole of Stage III. under the new conditions, and 
we find that one of them is very dark. It must be remembered that the latter larvae 
had been previously exposed to plenty of light, and were not among dark sur- 
roundings, whereas the former were much shaded and among the dark leaves of a 
large amount of food-plant. The experiment, as far as it goes, certainly fevours the 
view that the larvae are sensitive during part of Stage IIL, although, standing alone, 
it would be totally insuflSlcient as evidence. It is noteworthy that the larva in 
i^f uTlrnpaa was the Only (2), except one, obtained in the whole of this series. 

Thus 52 pup» were obtained in this series. 

YU. ^ aTnnll numbsT of larvre (12), the remnant of a company, were found 

August 26 on a nettle-bed in Binsey churchyard, and four others, certainly 
belonging to the same company, were found on the church itself in the prepara 
tory period. The n^ative results obtained with the shorn larvss induced me to 
n. ga.iTt attempt the blinding experimmits with these larvae also, for the results of the 
last series had not been obtained. 
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A. The 12 latTSB were made use of for this experiment, of which an account is given 


below ; — 


Dato^ &C. 

(a) Blinded lame. 

(P) Unblindedlanaa. 

Aog. 26, 9.S5 p.u. . 

„ 10.55 P H. . 

„ 11.25 P.X. . 

Aag. 27, 9.40 1.11. . 

„ 12 BOOS . 

„ 1.16 P.M. . 

„ 4.7 P.U. . 

„ 5 55 P.U. . 

„ 10.58 P.U. . 

Avg. 28, 10 A.H. . 

1 

1 

6 larvae blinded and placed in left com- 
partment of tbe gilt box already 
described 

99 

5 on sides or roof, 1 feeding .... 

4 on roof, 1 on side 

6 on roof (1 obanged position later) . . 

4 suspended (about 2,40 p.m.) .... 

5 suspended (about 6 p.h.) 

5 pupated some few hours (about? A.M.), 
the 6th died. Hence Stage HL lasted 
about 16 hours in the case of 4 larvae, | 
and about 14 hours in the case of the 5th 

6 nonnal lorvea placed in the right com- 
partment. 

2 on roof, resting, and another wandering 
(Stage I. ended about 10.15 p.m.). ^ 

4 on roof, resting, and 1 wandering 
(Stage I. of 2 more ended about 
11.10 P.JT.). 

4 still on roof, resting; 1 on back, 1 on 
food-plant. 

5 on roof (Stage I. of 1 more ended 
about 10.60 iuM.). 

2 suspended (about 12.37 p.m.), 1 on 
food-plant. 

5 suspended ; 1 of them is the larva on 
the food-plant. (3 about 2.40 p.m.) 

All 6 suspended (1 about 5 p.m.). 

All 6 suspended 

All pupated some few hours (about 

7 jlm.). Resdfcs will be given below. 

ResaltB, pnpea com- 
pared A.ug. 29. 

1 pnpsi, isolated on side, was very light 
(8), nearly (4) ^ ^ ^ , , 

4 near together on roof, hut not crowded ; 
of these 1 external pupa is (4), normal. 
The other, external, ish’ght (3). 

The 2 internal ones are light (3). 

5 

The whole period may have lasted about 
80 hours, bat the position of the com- 
mencement cannot be estimated with 
any aoouraqy. 

4 pupm were arranged in an irregnlai 
(not crowded) line along one side of 
roof; of these 3 were (4), noimal. 

1 was very light (8). 
pink, not unusual 
gold. 

1 was isolated on other side 
of roof, and was . . . (6), typical. 

1 was hanmng from food- 
plant, ana was .... (4). 

I'g 


Although the (a) subdivisions are not so brilliant as the {$), they are none of them 
dark pupsa, and there is nothing in the difiference which can justify the theory that 
the ocelli are the larval organs influenced by the surrounding colours in the pre- 
paratory period. 

The experiment also throws much light on the duration of the preparatory period 
and its stages. In the (a) subdivision the process of blinding probably disturbed the 
larvm and prevented the normal b^inning of Stage I., until it was too late to observe 
it^ and hence the length of Stage III. is alone obtained with any degree of accuracy 
flom these larvae. But the normal larvaa yielded flir more precise results, which are 
shown below ; — 









852 “ MR. E. B. POIILTOR ON THE COLOUR-RELATION BETWEEN EXPOSED 

From the above Table it is possible to gain a very correct estimate of the duration of 
the stages and of the ■whole period : Stage III. is seen to be faiily constant in length, 
but the others very irregular. The boundaries of the different stages are fixed with 
great exactness in nearly all cases, owing to the number of the observations and the 
fact that "the experiment began about two-and-a-half hours after the larv® were ■taken 
from their food plant. I thiok that this Table gives the duration of the different 
stages more completely than they can be found in any of the other series, 

B. The four larva found motionless, but not suspended (Stage II.), upon the porch 
of Binsey church were made use of in a transference experiment ; the three found 
upon grey stone (light) being placed in black surroundings, and the one found upon 
the oak door (dark) being placed in white surroundings. Between their capture and 
subjection to these influences they were kept in ordinary chip-boxes of light 'vi'ood, 
partially transparent. The experiment is described below : — 


Dates, &C. 1 

(a) The lame found on li^t stone. 

(jS) The larvsB found on duk oak. 

Ang. 26, 7 r.x. , . 

„ 10.45 r.ii. . 

„ 11.30 r.H. . 

Ang. 27, 9.40 X.K. . 
„ 9.30 P.M. . 

„ 10.58 P.H. 

Ang. 28, 10 A.M. . 

Fonnd on stone ; kept in olup-box till 
put in dark cylinder 

Placed in small cylinder covered 'with 
1 layer of black tiflsne-paper and black 
floor 

Ko change 

All snspended from roof 

« ....... 

2 just pupated 

Tne last pnpated very many honTS . . 

Found on oak; kept in chip-box till 
pnt in wbito oylinder. 

Slept in chip-box till pnt in white 
cylinder. 

Placed in small cylinder covered with 
white paper. 

Suspended from roof. 

19 99 

” ” 

Pnpated very many honr^. 

Begnlts, pnpsa com- 
pared Ang. 

Of the 3 pnpm snspended from roof, 

1 was %ht (3). 

2 were . (3). 

8 

The 1 pnpa on roof was (3)* 


Th@re are not sufflrient data from which to make estimates of the length of the 
stages. 

There "was extremely little difference between ■the pupse, and the resul'ts agree well 
■with those of other transference expeiimen^ts, for it is probable that the pupal colour 
■was in both (a) and (j8) largely influenced by the fact that Stage H. had been passed 
(at any rate in part) ■bpon surroundings which, in each case, tended in a different 
direcrion from the environment to which the pup® were exposed in Stage III. 


Thus 15 pupae were obtained in this series. 
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VIIL — A. A few mature larvae (16), the rmnnant of a company, were found 
August 28 in a field bordering the canal by Port Meadow. These were made use of 
in a single experiment to further confirm the negative results of former blinding 
experiments. In this instance the blinded and unblinded larvae were both put in 
exactly similar dai'h cylinders, with black roofs and floors. This was to settle two 
questions : (1) whether the blinding, although insufificient to alter the influence of 
^t or white surroundings, might possibly augment the influence of black 
surroundings ; (2) whether the presence of the opaque varnish on the ocelli could 
possibly act itself as a stimulus, producing effects similar to the stimulus of bright 
surfaces. 

The latter suggestion appeared to be extremely improbable, but the whole investi- 
gation seemed to be so difficult, and the results often so contrary to expectation, that 
it was thought better to test every possibility as it arose. And if the su^estion 
proved to be fruitful it was quite clear that all the results of previous experiments in 
which larv® had been blinded admitted of an opposite interpretation to that which 
they appeared to convey, and one which would carry with it the conclusion that the 
ocelli reafly represent the terminal organ for which I was seeking. The experiment 
is given below : — 


Dates 

(a) 8 blinded larvsa. 

{3) 8 nnhlinded lazrsa. 

Ang. 28, 10.35 F.u. 

„ 29, 9.46 p.m. 

„ 30, 2.0 P.M. 

Larvas placed in dai'k cylinder. 

ITearly all suspended, or in Stage III 
without snspension. 

3 have pupated some little time. 

Larrss placed in exactly similar dark 
oylmdeor. 

All suspended, or veiy near it, except 8 
still feeding. 

3 have pupated some little time. 

Sopt. 8. 

Eeanlts coiapaared 
■with, all pTipsa 
examined Ang. 29 
and siiioe that 
day. 

1 on roof was (3). 

3 „ „ -were light (8). 

4 „ floor „ (8). 

8 

Thus, altogether, 1 waa (3). 

7 •were light (3). 

8 

1 on roof was dark (3). 

1 „ » » 

1 „ floor „ dark fS). 

2 „ ,, were light (8). 

1 „ side was very dark (3). 

1 :: :: :: 

8 

Thos, altogether, 3 were dark (8). 

Iwaa fS). 

4 -were light (3). 

8 


Although the pupa from the blinded larvue were rather lighter than those from the 
unblinded larv», no one of either division was lighter than a light (8), and it is clear 
that there is nothing in the results which can explain the brilliant pup® poduced by 
blinded larv® in white or gilt surroundings, except by the supposition that the ocelli 
have nothing to do with the influence. Inasmuch as the unbLnded larv® axe raiher 
MDCCOTXXXVH.— B. 2 z 
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darker, it is obvious that the first of the above questions is also answered in the 
negative. There is every reason for the belief that these results were not influenced 
by the bliTidirig r one way or the other. 

Thus 16 pupee were obtained from this series. 


IX A company of nearly mature larvae was found August 28 on a nettle-bed 

(at some distance from that on which Series VIII. was foimd) in a field by the canal 
dose to Port Meadow. These were kept in large, dear, glass-roofed cylinders until full- 
fed, and as soon as they showed signs of leaving their food the following arrangements 
were made : — 

A. The object of this experiment was to make a decisive test of the reciprocal 
effects of the colours of neighbouring larva when much crowded. In the morning of 
August 81, 16 larva (having left their food) were selected, and 12 of them were 
placed in one of the smallest cylinders (8*0 centimetres high, 6*0 centimetres in 
internal diameter), resembling those described in Series 'V., B., having a similar roof, 
and background of glazed white paper, with about one-third of the circumference left 
dear, and fadng a strong east light, bdng about one foot from the window. The 
floor, however, consisted of a sheet of ** opal ” glass. The other four larv® were 
placed one in each of four other cylinders of the same kind, arranged in a preoisdy 
similar manner. ATI these larv®, being much advanced, suspended themsdves almost 
at once. 

September 1, 9.80 A.M.— AH the four isolated larv® and 11 of the crowded ones 
b»d pupated, in most cases the change having taken place some hours. 

September 1, 11.30 a.m. — ^The last larva had now pupated. 

September 8. — The comparison was made between these pup® and a very large 
number of those of other divisions and series, i.e., with all compared August 29 and 
since that date. 

1 of the 4 isolated pups tras suspeuded on the clear side of the cylinder, 
towards light, low down, and onlj 8 mm. from edge of 

white background .. ..It was (4), not mnoh gold. 

1 „ 4 isolated pnps was snspended on the side of the cylinder very 

high up and jnst inside the edge of the background . . „ (5), but not ertreme. 

1 „ 4 isolated pnpte pupated on the white opal floor, not being 

fixed to anything (4), rather more gold than 

the (4) abora 

1 „ 4 isolatad paps was anspendad &om the paper roof .... „ (b), like the aboye (5). 
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Of the 12 crowded pupes, 7 were stispended from the i-oof and were all 

very light (3), Yery nnifona. 

3 were snspended from the side agamst the 
white bachgronnd, 

of which 1 wae snspended from a point 8^ 
mm. below roof; 

1 was suspended from a point 2 5 
centimetres below roof ; 

1 was suspended from a point 5 0 
centimetres below roof : 

Of the 12 crowded pup», two were on the white opal floor and not fixed to anything. They were 
both (4), typical. 

The relative positions of these 12 larvae are shown in Fig. 2. Natural Mze. 


Yery light (8), very nniform, and not 
much gold. 


Fig. 2. 



1—7 indicate the positions of the 7 pnpse suspended from the roof, 
a. A pupa was attached to the side of cylinder 3 mm. below this point, 
t „ 2’5 oentimeia^es below this point. 

o« )) )) *1 5 0 » *> ^ 

X X The two pupa on the floor were probably stispended from these points in the larval state. 

The inner oirole represents the actual size of the roofi looked at from below. 

0 ). The space between the two concentric ciroles represents the thickness of the glass sides 
of the cylinder. 

The sides of the cylinder which bound the area below A— B were (dear and uncovered 
by paper, and turned towards the light. 

The fine line outside the cylinder above A— B represente the paper haoikgronnd. 

Nothing could well be more conclusive than the above compamon ; of the crowded 
pupsB, 9 out of 12 come within a veiy short distance of each other, and are all (3) j 
while the remaining three axe more isolated in position, and the two most isolated of 
these are (4). Furthermore, those more completely isolated in separate cylinders axe 
(4) and (5), not one of them reaching (3). The experiment (with others already 
d^cribed) seemed so condufflve that I did not consider it necessaiy to seek further 

2 z 2 
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proof of the susceptibility of these larvcs to the dark colour of the bodies of their 
neighbours. Tliis experiment is also a very good test of the influence of white sur&ces 
upon the larvm, and compares in an interesting way with the other divimons of this 
series in which gilt surroundings were used. 

B. The expeiiments upon shorn larvse had shown that the sensitive surface foi 
which I was searching did not exist on the bristles, and the blinding experiments had 
also led to negative results. Yet the theory that the ocelli do represent the desired 
terminal organ affected by the coloured surroundings seemed so probable that I was 
desirous of obtaining other support for the experiments, which seemed at first sight to 
overthrow the theory so completely. These larvas are very active, and when blinded 
or irritated in other ways fling their heads about in the most violent manner, and 
I feared that the varnish might in this way have been accidentally knocked off one 
or more of the sis ocelli on one or both sides. In the most careful experiments 
the application of varnish had been repeated, so that three coats had been given in 
many instances, but the larv» had been violent whenever the process was repeated. 
Agai, it seemed possible that if the varnish had not been removed it might have 
been made thin and partially transparent over the ocelli, most of which project 
considerably. In spite of these arguments I did not see how my repeated and careful 
application of varnish could have failed in all cases ; I did not expect to find the 
larva as dark as those exposed to black surfaces, but I did expect that they 
would not be equally brilliant with normal larv© when both were exposed to white 
or gilt surfaces, that is, if the oceUi represented the desired terminal organs. But the 
above considerations made it very desirable to test the ocelh in some other way. I 
l»ii^ Inng thought of another experiment, in which the head and the body of a larva 
were to be exposed respectively to two different colours, producing the most opposite 
effects, but the difficulty was in the mode of application. In fact, this difficulty 
seemed insuperable for Stages I. and II. of the preparatory period, but perhaps might 
be overcome with a little contrivance for Stage III., in which the larva rests suspended. 
It was, however, first necessary to decide whether the larva is sensitive to colour 
during this staga Previous experiments (V., B. ; YI., 0. ; YU., B.) had not thrown 
much light on the question, but the numbers employed had been insufficient. I 
therefore determined to devote the majority of the larvae of this series to the settle- 
ment of this question. It seemed that a derisive answer could be best obtained by 
the transference of larvae in sufficient numbers at the beginning of Stage HI. from a 
colour to which they had been up to tiiat time exposed into one which tended to 
produce the most opporite effect. Quite apart from the chief object to he served by 
the experiment, i,e., the possible introduction of further experiments, the results 
would be most interesting on their own accoimt in the further light which wrould he 
thrown upon the preparatory period. At 2.80 p.m., August 31, it was seen that 
the larvae were snarly all mature, and were be^nning to collect on the sides and roof 
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of the laxge cylinders in -which the stock -was kept. At this time, therefore, the 
arrangements for transference were made. Between 2.30 and 3.15 p.m. 17 larv® 
were placed in a large cylinder covered with one layer of black tissue-paper, and -with 
a bla^ floor, the whole being covered with two black opaque mats and placed 
on the floor in shadow (this is II. of the Table below) ; 12 larvro were placed in eadh 
compartment of the gilt box, arranged as usual (IT. below), and 12 more in another 
gUt receptacle (also IV. below), of the following construction. I covered a cylinder 
(1-86 decimetre in internal diameter and 8 centimetres in height) with gUt paper, 
and covered it with a gilt-paper roof. The cylinder was placed on its side, with its 
open end the light, and therefore a segment of the side formed the roof, while 

the back was formed by gilt paper (which would have been the roof in the other and 
usual position of the cylinders used in these experiments). The open front was 
closed by a plate of clear glass. This gilt cylinder was made use of in many other 
experiments, and will be always spoken of shortly as the “ gUt drum.” Another 
large cylinder was covered -with two layers of black tissue-paper, with a black floor, 
and placed in shadow (I. below), and into this many of the larvre from the “gilt 
drum” and box were transferred at the beginning of Stage III. When transferred, 
the larva were in nearly all cases pinned by the boss of silk, to which the posterior 
daspers adhered. The experiments, together -vdth their results, are given in a 
tabulated form below ; — 




[from (sold into black for II —In black Ibr the IIL—Tranafeired from black into gold for IV —lu gold for the whole porfod. 

StRge III. whole period. Stage III 
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The results of this Table will be most clearly expressed in the following analysis 


ThB degree* of colour fitom (1), darkest and least golden, 
to (S), lightest and moat golden. 

(1) 

(2) 

Dfiik 

(3) 

(8) 

Light 

(3) 

W 

(6) 


II. In 'blaok for the whole period . 

I. Transferred from gold into black, for Stage III. 
TTT. „ „ Hack into gold „ „ 

IV. In gold for the ‘whole period 



1 


6 

5 

5 

1 

• • 

• * 

• • 

8 

It II II 11 


Such an analysis speaks for itself; it is quite dear that the pupae as a whole tend 
strongly towards the lighter forms, but it is equally dear that Numbers I. and lU. 
are intermediate between the two extremes IL and IV. In the considerably lighter 
results of the former (I.) we probably see the proof that in the shorter stage, IL, the 
influences are really more potent than in I [I., which is considerably longer. S im i lar ly 
Stage II. was passed in black surroundings in the case of III., and its results are 
darker those of L In fact, in both I. and III. the colour in which Stage II. was 
passed predominates in the result, or rather it is more accurate to say that the gilt 
surroundings produce more effect in Stages L and II. than in Stage III. alone. 
It is also probable that the earliest, most sensitive, part of Stage III. had already 
elapsed in most cases before transference took place. But further experiments will 
show the inferior susceptibility of Stage HI. under the most fe.vourable conditions, 
and indeed such a result might have been expected, for, although this stage is, as a 
rule, so much longer than any other, the larval sensory surfaces are probably only in a 
condition to be influenced in its moat early part, for very rapid changes of pupal 
construction and shape are going on beneath the surface. These would seem to 
preclude the possibility of an external shell, shortly to be cast off, having any important 
physiological relation with the organism beneath. But in Stage II. the larva retains 
its shape, and the whole of its surfluie is in close relation with the colour into 
correspondence with which the pupal tints will afterwards deepen. On the other hand, 
the posterior part of the suspended -larva is alone in close proximity with the surface 
to which it is fixed. But nevertheless the comparison of III. with IV., and I. with 
II., shows equally dearly that the larva is susceptible, and to a considerable extent, 
during Stage III., although the susceptibility is probably confined to the first part of 
it. Future experiments will supply the means for testing the sensitiveness of the 
difEerent parts of this stage. This experiment showed that an investigation by the 
use of conflicting colours applied to Stage HI. could be undertaken with, at any rate, a 
fair prospect of success. After all the other e3q>eriments it is almost unnecessary to 
point out how entirely the former theory of pupal as opposed to larval sensitiveness is 
broken down by the analysis given above. 
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C. Another small transference experiment was made with the three larvae found 
suspended to the food-plant at 2.30 p.ir., August 31, when most of the larva were 
re-arranged. These three were then transferred to the gilt box, two being pumed up 
against the side and one on the roof. 

September 1, 9.30 A.M. All had now pupated ; the one on the roof last night, 
and the two on the side some hours. 

September 3, moiming. Comparison produced these results : — 

Of tie 8 pnpsa, 1 wHoh. pupated evening of Aug. 81 (on roof) was (1), very black pigment. 

„ 3 „ 2 „ later (on side) .... 1 „ (4), less gold than nsnal. 

1 „ (S), normal gold. 

When these three suspended larvm were transferred August 81, one pupa was also 
found suspended from the food-plant : it was a light (3). 

These results harmonise well with the more complete transference experiments in 
Division B. The dark transferred pupa was only exposed in the larval state for the 
last few hours of Stage III., and the resulting colour shows that it could not have 
been influenced at aU. It was evidently an exceptionally dark form for this series. 
The others were exposed for probably the whole of Stage III. and were much affected, 
one of them being brighter than any of the transferred pupae in Division B. The 
latter result must be also partially due to the fact that the larvae had been previoudy 
exposed to sinroundings which were far less dark than those made use of in B. 

D. Another experiment was made upon six mature larvae, which were placed, 
August 31, 2.30 P.M., in a small cylinder resembling those described in Series V., B., 
covered with two layers of black tissue-paper, but lined with gilt paper. The larvae 
had the opportunity of being influenced by the gold, illuminated by daylight, for 
a few seconds before the cylinder was placed on a black floor, with another double- 
layered black cylinder over it, in a dark cupboard. 

September 2, 7.30 P.M. The cylinder was not touched till this date, but I had 
estimated that they would have pupated long before this time, and therefore the 
cylinder was now removed, and it was found that all six liad pupated on the roof and 
had taken their final colour. 

September 3, morning. The pupae were compared with all the others, giving these 
results : — 

Of the 6 pnpes, 3 were light (3). 

1 vrae . . (4), but with little gold. 

1 »* • • (5), uot maoh gold for this degree. 

5 

The colour of the 6th pupa was accidentally omitted from the notes. 

It is possible that these resulte were influenced by the few seconds of exposure to 
the gilt in a bright light, or by the exceedingly small amount of light which may have 
penetrated. But, on the other hand, the whole series tends strongly towards the 
arDOcciiXxxvn. — b. 3 a 
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lighter degrees, and the single (5) may have been merely an individual which tended 
especially strongly in this direction. The results nevertheless suggested a course of 
experiments which would be likely to give very interesting results, but which I had 
not time or material to undertake. The suggested experiments were to ascertain the 
eflfeots produced by some powerfully acting colour (as gold) under different conditiona 
of illumination. On theoretical grounds it is unlikely that the ratio between the two 
will prove to be direct, but it is to be expected that diminution in illumination wiU 
not he attended by a corresponding diminution in effect. 

The number of pup® obtained in Series IX was 76, and it is therefore probable 
that the whole of a rather small company was obtained. 


X— A. The remnant of a company was found August 29 near South Hmoksey. It 
was arranged to make use of the few larv® (eight only) in an experiment to further 
test the effect of transference during Stage III. into a colour with an influence 
opposite to that of the colour to which the larva had been previously exposed. 

The experiment was conducted as follows. The gilt box and drum and a black 
(grlinder were made use of : — 



Comparljnent of gilt box. 

Gilt dioin. 

Black (^lindor, with black 
roof and floor. 

Ang. 29, 7 P.K. . 

„ 8.30 P.11. 

Avg. 30, moramg, 
early 

„ 11 30 1.V. 

„ 1.20 P.1I. 

„ 1.50 P.M. 

„ aflieraoon 

1 evening . 

Ang. 31, 9 A.H. . 

„ 0 P.11. . 

8 larysB pat in compart- 
ment, living been cap- 
tared about 5 

4 moved into gilt druin 

Food bardly touched, larv© 
crawling up sides or 
motionless on roof 

1 snspended . . . • • 

n 

2 snspended altogether. 

2 pupated some time, 
1 suspended 

The last pupated recently. 

1 larva died. 

4 larvee introduced. 

Food hardly touched, larv» 
crawling up sides or 
motioziless on roof. 

99 

1 suspended. 

Another suspended, and at 
once moved into black 
surroundings 

Another suspended and 
similarly transferred 

2 pupated some time, the 
1^6 of saspension of 
1 not noted 

t 

1 larva only just sus- 
pended, moved from gilt 
drum, 

A second larva introduced. 

2 pupated: not long, os 
they have not darkened 
completely yet. 

Beenoilta : Sept 1. 

Compared with all 
e^muned on 
thm day, and 
45 esunined 
Ang.SO 

The 3 pnpss were all (4), 
not much gold, but quite 
light-coloured, 1 rather 
darker than any of the 7 

The 2 pnpBS were both 
(4), not much gold, but 
quite light 

The 2 pup© were both 
typic 5 al (4), with typical 
gold ; thus the most 
golden of the 7, but cJl 
are equally Hghi:, except 

1 of those in oomparb- 
ment of gilt box. 



LBPIDOPTBEOIJS PUP-® AND THBIB SUBROUNDING SURFACES. 


363 


These resiilts are very curious aud to some extent accidental, as is proved by 
comparison -with the results of similar, but larger, transference experiments. Such a 
comparison shows that there is obviously no significance in the gilt surroundings 
producing more effect when acting only in the Stages I. and II. of the preparatoiy 
period tb»Ti when acting in these and in Stage HE. also. The highly-marked effects 
seen in the two transferred larvae are doubtless somewhat abnormally extreme results 
of the very powerful influence of gilt surroundings working during a time of very 
high larval susceptibility, i.e., Stage 11. 

Thus seven pup® were obtained from this series. 

XL — I was very anxious to obtain some wild pup® in order to compare their colours 
with those of the pup® which had been the subjects of experiment. From what I 
remembered of observations in former years, I felt assured that the common degree 
of colour was that represented by (8), but that (2) and (1) were not uncommon, 
while the highly gilded forms (4) and (5) were almost unknown, except ha pup® 
which contain Ichneumon larv®. This exception is, however, obviously abnormal, and 
it will be alluded to below. On August 31 I found 15 pup® of V. urtica on a 
smooth stone wall, with an east aspect, in Oxford, Inasmuch as the pup® occurred 
near together, along one continuous extent of wall, and were about the same age, 
there is little doubt that they wei*e all produced from the larv® of a single company. 
Two-thirds of the pup® were found under the projecting coping. The colour of the 
stone was grey from the growth of lichens and from the darkening due to soot, &c. 
Under the coping the colour was especially dark, and was further intensified by the 
shadow. The pup® were not sufficiently crowded for their colour to have been 
mutually affected. 

The pup® were most carefully compared with 45 others e xa m i n ed August 29, and 
with aU examined September 1, and the results were as follows 

Of tie 16 pnp», 4 were . . (1), with, no gold at all. 

1 waa . . (2), „ ,t 

7 were dark (3) 1 Qjjy jj^e minutest qwt of gold to !» seen on careful examination 

g j in 2 of these ; none in the others. 

18 

The gold of the two pup® was in the position in which it always occurs if present 
at all, ie., round the base of the small lateral tubercles on the first and second 
abdominal segments. There was a strongly marked deep reddish tint in the three 
(3), and to a less extent in five out of the seven dark (3) and in one of the (l). 
This colour was much deeper than the pink tint so often mentioned in the pup® of my 
experiments. It was, however, similar to the red mentioned in Series 2X1., B. and D., 
although it was much deeper than in the latter. Ihese 15 pup® were so different 

3 a2 
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from all the otliei’S that it was very haid to classify them according to the same 
standard, but I am quite sure that there has been no error in the direction of mal^g 
them appear too dark ; if there has been any mistake, it has been in the other direction. 

Thus 15 pupae wore obtained in this series. 

YTT. A. large company of nearly mature larvae was found August 31 on a nettle- 

bed near South Hincksey, different from that on which the other series had been found. 
In a few days the larvae became mature, almost simultaneously, and the following 
experiments were made : — 

I 

A, Xhe object of this experiment was to ascertain whether a black sur&ce in a 
powerful light has a different effect from that of complete darkness. 

(a) 13 larvsB were placed in a (ylinder covered with two layers of black tissue- 
paper, and a similar roof; a black floor was added, and the whole was placed in 
shadow. The experiment and its results are given below : — 


Sept. 3, 10.15 J..U.-1.48 pji 

„ 11.10 P.M. . . . 

Sept. 4, 1.15 P.H 

„ 6,30 P.SI 

1 

,, 0 p.v. - . • . 

1 

„ 12, umxiaBT . . 

i 

' Sept. S, 10 .... 

r 

The 13 larvw were introduced into the cylinder at these hours, and at 
various times between them. 

5 suspended; aH the others except 1 are resting on roof. 

All suspend^ except 1, and it is in Stage III. on the floor, unfixed. 

2 pupated some httle time. (If pupation be estimated at 5 p.m. and 
suspension at 11 p.m., Sept. 3, ^ge lU. would be 18 hours j but it 
was probably longer.) 

2 pupated, (if pwation be estimated at 7.45 f.h. and su^ension at 
31 P.M., Sept. 3, ^ge 111. would be 20| hours; but it was probably 
longer.) 

3 pupated. (If pupation be estimated at 10.30 p.m. and suspension at 

11 P m. for 1 of larvte, Stage ILL would be 23J hours; but it was 

probably longer.) 

All have pupated some hours. (If pupation took place at 5 A.U. and 
su^ension at 6 A.M., Sept. 4, Stage HI. would he 23 hours; but the 
esti^te is veiy rough.) 

ResnltB of comparison, 

1 Sept. 7 (witli all others | 
meiLtiun^ as compared 
^ on this day). 

1 

! 

1 

1 pupa on floor was (3), lightish, but not a light (3). 

1 on side was light (8), with little gold, but more than any 

other of the 13- 

Of the 11 pupae scattered over the roof, but not crowded — 

2 were (1), very black indeed. 

2 „ (21. 

4 „ dark (3). 

» (3). 

1 was light (3). 

18 


{0) 14 larvse were placed in a similar shallow black cylinder, which was then 
made to rest on its side Tiith the open end covered with a dear glass plate, directed 
towards a strong east light, and dose to the window. Hence tlie roof of the cylinder 
was a segment of the side {in the other podtion), and the ordinary roof of black tissue- 
j)iiper formed the back. The experiment and ito results are given bdow : — 
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Sopt. 3, 10.16 A.M -3 pm.. 

« 8 

„ 8.45 F.11 

„ 6.15 P.1I. . 

11 P.M 

Sept. 4, 9.25 A.u. . . 

« 1 P.M 

„ 6.30 P.U 

„ 8 30 F.M. . . . 

„ 12 UISHIOHI . . . 

The 14 larTSB were introduced into the cylinder at these hours, and at 
various times between them. 

1 suspended. 

(About 12 23 P.M.) 

1 suspended. 

(About 3 22 p.H ) 

1 suspended (about 5 p n.), but all the rest ou the top. 

2 suspended (about 8,23 p.m ), but many others with the boss of sili 
spun and ready for suspension. 

All 14 suspended, but no pupation yet. 

2 pnpated an hour or so. (If pupation be fixed at 12 a.m., the duration 
of Stf^e III. would be 23 hours 37 minutes and 20 hours 38 minutes 
respectively.) 

7 pupated at various times since the hour last noted. (If 3.45 p.m. be 
estimated as the tune of pupation, Stage III. would be 22f hours in 
one case and rather over 19 hours in two others.) 

4 pupated ; 1 quite recently. 

1 has BOW pupated ; the 

Hesnlta of comparison, 
Sept. 7 (witb. all others 
mentioned as compared 
on this day). 

An 14 were hanging tc^^ther from the tissue-paper top of the oyliuder, 

1 0 ., that part of its side which was Mpermost, and which was Imed 
internally with black tissue-paper. There was hardly any gold, or 
none at all, on these pupss. 

Of the 14 pupes — 

3 were rather outlying on one side, and of these 2 were f3). 

1 was dark (3). 

1 was rathei* outlying on the other side, and was (3). 

10 formed a central group, of which 3 were (2). 

2 „ dark (8). 

- 5 „ (3). 

14 


Analysing the results of the t-wo experiments, 'we find the folio-wing : — 


DegreeB of colour : (1 ), darkest and least golden, 

(0), lightest and most golden. 

(1) 

(2) 

Dark 1 

(8). i 

(8) 

Light 

(8). 

(4) ' (B) 

1 

(a) Black sniToimdizigs in £he dork . . . 

2 

2 

4 

3 

2 

« j ■ ♦ 

(|8) Block snTTOOtidiiigs in atrong light . . 

• • 

8 

8 

8 


1 •• 


Upon the whole, the results axe not widely different, and, as further throwing light 
on the comparison, I find a note that the light (3) on the side of the cylinder in (o) 
subdivision is much more golden than any pup® in tlie (0) subdivision, which, as 
a whole, were rather distinguished firom the others by the extreme absence of gold. 
It is to be noted that the larv® of (j8) did not suspend themwlvOT as soon as the 
others, and therefore passed a longer part.of the preparatory period in their cylindeis. 

The result of the experiment was very satisfactoiy in its bearing upon the propos^ 
conflicting colour experiments, for in these I could not well place part of a larva in 
complete darkness, while it would be comparatively easy to surround it by black 
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surfaces, which this experiment shows to be decidedly eflGlcacious, although not quite 
equal to the same surfe,ce in darkness. 

B. The object of this experiment was to test the effect of gilt surroTindings on 
lary® when they were exposed to its influence for the whole of the preparatory 
period as compared with exposure during Stage III. only. Tliis was accomplished by 
placing eight mature larv® with food in one compartment of the gilt box, and trans- 
ferring recently suspended larvss to the same compartment, where they were pmned 
against the gilt side. Both subdivisions were taken from the stock under clear glass 
in large cylinders. The experiment was conducted as follows : — 


Bates 


(a) 8 larvsB expo^ to gilt BnrroTiiidiiigs 
for preparatoiy penod 


(P) 8 laiTBB exposed to gilt sarronndingB for Stage 111 


. 3, MOSKTsra 


11 27 A.H. 8 larro placed in the compairtmeiit 
3 P.^ . . 1 Bnspended, 3 resting on roof, 1 
wandering, 8 feeding 

6.15 P.3f. . No change 

11 p.M. . 3 suspended, 4 resting on roof . . 
. 4, 8.35 .4 „ 3 „ „ 


1 P.M. • . 5 ,1 2 „ 

1.10 pm.. „ „ » 

1.35 p.ac. . 1 has just pupated. (Hence Stage 
in. is probably very nearly 24 
hoTus long.) 

4.15 P.M. . I has just pupated. (Hence Sta^ 
m prolibly about 19-20‘hourB j 


8.50 F.H. 


2 suspended laryea pinned m compartment 
within few minutes of beginning of suspen- 
sion. 

No change. 


I have putted 2 or 3 
hours. (Hence about 
20 hours were passed 
in the oompartment,) 


Another suspended 
larva added. 

No change. 


It has just pupated. 


Results : compared 
S^t. 7. 


1 pupa suspended to side, near the 
pinned ones, was (4), with normal 
gold. 

Of 5 pupsa snroended on roof, 1 was 
very dark (3). 

2 were light (3) with little gold. 

2 were (4), 1 with normal gold, 
and 1 with little. 

There is no note of pupationa later 
than the above 2. 2 larvm died. ! 


Both pupcB were light 
(3), 1 of them very 
red and black in 
lower part of abdo- 
men (? diseased) 
These larviemnst have 
spent very nearly all 
Stage in. in the 
box, and seem to 
have been somewhat 
afEected* 


It is a dark (3). 

Red in lower part of 
abdomen. 

This larva, having 
been only about 7^ 
hours in the box, 
appears to have been 
unaSected. 
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Tie results are analysed in the following Table : — 



a) 

(2) 

Daik 

w 

(8) 

Ligllt 

(8) 

W 

(6) 

6 pup® exposed to gilt STOTonndiags for tlie whole 
period 

2 pupee exposed to gUt sun'ornidiiigs for the whole 
period of Stage IIL 

• • 

. . 

1 

• • 

2 

s 

• • 

« fl 


•• 


2 

• • 

• • 

1 pupa exposed to gilt surroimdiiigs for the last 
part of Stage III. 



1 



9 9 

• « 


It is probable that the above results indicate, on the whole, the relative 
susceptibility of Stage III. to the whole period, although, at the same time, the single 
dark pupa in the first line shows that we must be prepared for exceptions, and that 
it is necessary to make use of large numbers of laiwes in order to obtain a sufficiently 
accurate result. 

0. It seemed that interesting results might be obtained by exposing a few larvae 
during Stage III. to a very powerful direct light, and yet without any coloured 
background, at a distance which could affect them. If negative results were obtained, 
they would serve as a confirmation of conclusions rendered probable by other experi- 
ments, viz., that the effective influence is due to the presence or absence of reflected 
light, an/1 its quality, if present, but seldom or never under natural conditions, to 
direct light falling upon the larvae. In the following experiments I proposed to place 
the larv» under conditions in whidb. they could only be il l umina ted by direct light. 
This object was achieved by pinning the suspended larv® to the central vertical bar of 
a large east window, the pin being thrust through the boss of silk so fer that the 
laiv® hung suspended from the head of the pin which projected from the side of the 
bar, so that the whole length of the pin intervened between the larva and the bar 
(painted stone-colour). Very long pins were made use of in the experiment. The 
suspended larv® were taken from the main stock in the cylinders, where they were 
found fixed to the food-plant. The following Table explains the manner in which the 
experiment was conducted : — 
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Sept. 3, 11.30 i.M. . 

„ ISp.m. . . 

4.45 p M. 

„ 6.15 P.it. . 

Sept, i, 8.45 A.1I. 

„ 11.0 A, H. . 

„ 11 30 A.M. . 

„ 1 P.U. 

1 pinned up. 

9) 

99 

99 

99 

Pupated some 
little time. 

1 pinned up. 

99 

99 

99 

99 

Pnpating 

2 pinned up. 

1 f ^ off. 
a 

1 dead 

4 pinned up. 

2 pupated ; some 
hours. 

1 pnpating. 

Bfo change. 

1 pupating. 

Eesnlta : — 

CompftTed Sept. 7. 

1 

» 

1 

1 

1 

Papa was (3), 
normal gold. 

Thus Stage III. 
very long, ap- 
parently about 
22-23 hours. 

Pupa was (5), 
golden, but not 
extreme for 
this degree 

Thus Stage III. ] 
also very long, 
and at least 
22^ hours. 


2 first to pnpate 
were dark (3) 
with rather 

unusually 
"bright gold for 
this degree, hut 
the normal 

amount. 

2 nerb light (3), 
normal gold. 

The first two 
only passed 

about 8-9 hours 
in the light. 
The 3rd 16^ 
hours, and the 
4th 18f hours. 


The results of the experiment are certainly surprising, for I did not expect to find 
any indications of influence, and at the time of the experiment I did not think that 
there were any. I was then taking notes and making experiments every hour of the 
day, and had not time or opportunity to make allowance for the periods during which 
the larvae been under any influence. However, when the notes are worked out 
in the above tabular form, there seems to be much reason for thinking that some 
eflaot was produced. The only two dark (3) among the pup» were those 
which were pinned up in the window long after the susceptible part of Stage HE. had 
already passed, and the others, which were exposed for practically the whole of the 
stage, are certainly lighter than the normal forms. Had I realised these results at 
the time, I should have made other and much larger experiments, avoiding the source 
of error introduced by the proximity of the vertical light-coloured bar by suspending 
the pupse from fine tl^eads. I hope to make such on experiment in the next season. 
The r^ults are aU the more remarkable because in Division A. it was shown that the 
powerful direct light had but little influence in opposition to the black surroundings. 


D. The rest of the larvm were almost entirely made use of in the conflicting colour 
asperiments, towards which many oiher experiments had been leading. Two frames 
were made on premsely the same principle as a larger one, which will be described and 
illustrated in the next series, and therefore I need only gi\e a mere outline of the 
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construction in this place. The bottoms of two flat wooden trays were, in each case, 
covered with black and gilt paper, the different colours meeting along a line which 
ran across the tray, and along which a shelf was fixed covered with gilt paper 
towards the gilt side of the tray, and black towards the black side. The shelves dose 
to the tray bottom were perforated with holes separated by equal distances, and the 
size of each hole was such as to easily admit the body of a larva, with its spines, but 
sufficiently PTnall to prevent the occurrence of any considerable apace between the edge 
of the aperture and the larval body. In fact, such space as existed was much obscured 
by the larval spines. The trays were placed vertically, with the coloured sur&ces 
a strong east light, and dose to the window, so that the shelves projected 
horizontally ; but the black surfe.ce was uppermost in one tray, and the gilt surface in 
the other. 

"Whenever suspended larv© were found among the food-plant, &c., of the cylinder 
containing the stock they were pinned on to the part of the trays covered with the 
upper colour, in such a position over the holes that the head and thoracic segments, 
and generally the first and second abdominal segments, of each larva passed through a 
hole into the colour beneath, which tended to produce opposite results. This anterior 
part of the body being always strongly curved in Stage IH., the head with any 
sensory organs upon it was brought dose up to the under-side of the shelf, and thus 
there was no chance of its being influenced in any way by the coloiu: above the shdf 
(which was of considerable depth). Thus rather more than half the total skin area 
was exposed to the upper colour, while rather less than half, together with the head, 
was exposed to the under colour. If the head contained the sensitive surface which 
was being sought for, we should expect that the pupa would be coloured according to 
the influence — idready known and gauged— of the lower colour j but ifi on the other 
the whole larval surfece was susceptible to colour we should expect that the 
results would oscillate sometimes on one side and sometimes on the other, but that, on 
the whole, the preponderance would be in the direction of the tendencies produced by 
the upper colour, inasmuch as there was a rather greater surface of skin above the 
shelf than below it. Beneath the shelf other larvae were fixed upon the lower 
colour only in the case of each frame, in order to form a comparison-experiment. In 
the tabulated account of the experiment, given below, P stands for pupation, and F 
for placing a larva on the frame j while P indicates that pupation took place recently, 
or that the larva was placed on the ffame directly after suHpension. 


8 B 
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An examination of the dates at -which pupation took place in A. and 0. unfortunately 
shows that in nearly all cases an important part of Stage HL had elapsed before the 
larvse weare pinned on the frames. It is quite clear that A., 6, 8, and 0., 6, 8, 9, 
cannot have been influenced after the transference, and there were probably only two 
lama in A. (3, 4), and two in C. (1, 5), which may be considered to have satisfied the 
conditions of the experiment. The larv® which were found to have pupated by 12 p.m., 
September 4, cannot have passed as much as 13 hours on the frame, and most of them 
must have had a very much shorter period of time. The larv® of B. and D., on the 
other hand, seem to have passed the whole of Stage HI. on the frame, and one of the 
most curious and exceptional -things in all the experiments recorded in this paper is 
the tact that the larv® of D., surrounded entirely by black for the whole stage, should 
be lighter those of A. or D., which were also partially exposed to gilt, and 
had been on the frame for a much shorter time in nearly all cases. In other respects, 
however, an analysis of -the few results in which the influences had worked for an 
adequate period of time is very satisfactory. 


Degrees of colonr. 

(1) 

m 

Yfiiy 

dark 

(8) 

Dark 

(8) 

(8) 

Ueht 

(8) 

Yery 

(*) 

(B) 

— 

A. Larger skm area in black, smaller in gilt for 

Stage m. 

0. liarger skin area in gilt, fimaller in black for 
Stage m. 

B. Entirely exposed to rft for Stage m. . . . 
D. Entirely exposed to black for Stage III. . . 


■ 


1 

1 

2 

3 

• 

* • 

9 9 

= 2 

= 2 

= 6 
= 6 




e 

• « 

• i 


•• 


2 

5 

1 

1 

It is interesting to analyse in a similar manner 
the results of A and Cm inmuding those which had 
pupated at 12 f.m., September 4. 






1 

1 




n 

• 9 

i 

• 

1 

2 

7 

8 

’4 

1 

• • 

■ • 

•• 

i 







The comparison between A. and 0. in the upper of the above Tables confirms the 
results of the previous blinding experiments, showing that no sense-organ in -the head 
can possess the property of bdng influenced by light in such a m ann er as -to direct the 
formation of colour in the pupa. Conversely, the results strongly fevour the view, 
and, in fact, confirmed as they are by other experiments, render the conclusion certain, 
that such a powmr is possessed by some terminal organ in the skin or by some one 
of its elements -without the intervention of the nervous system. The former is -the 
more probable hypothesia, for, if otherwise, we should erqieot to find diversely coloured 
pup® oorrespondiDg to the different colours in the immediate surroundings, but I do 
not regard this argument as oonvinoing ; and the investigation of the structural basis, 
and the nature of -the phyEdological processes which take place, afford a subject for 
research which promises results as interesting as the work itself will he difficult. The 
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upper and' more trustworthy analysis, although depending on insufficient data, further 
supports the conclusion that the influence acts upon the skin by showing preponde- 
rating effects from the colour to which the larger area of skin has been exposed ; and 
the differences are small, both between the effects wrought in the pupae and between 
the two areas of skin affected by opposite stimuli. 

E. Another rather more elaborate plan of conducting the conflicting colour 
experiments occurred to me, in which each larva was to he kept separate from the 
others during Stage III. I made a number of short cardboard tubes with two 
perforated discs in each of them, one disc at one end, and the other near the middle. 


Pig. 3. (X 2.) 



b. Black. 0 . Oardboai'd. g. Gilt. gl. Glass s. Boss of silk. (The black line indicates 
iihe black coating, the white margin the gilt coating, while the lines between represent 
the cardboard substance of the tube.) 

dividing the tube into two compartments. The size and shape are shown in fig. 8, 
which is drawn twice the actual size in all dimensions. In each tube the colour 
Kning one compartment was gold, while black lined the other. The method of 
application is also shown in fig. 3, B, the upper aperture being slipped over the head 
of the larva^ which was then assisted through the lower apertm’e by the use of 
forceps I a little glue had been placed on the upper surface of the upper dis(^ and this 
was pressed tightly with a slight screwing motion on to the glass, from which the 
larva was hanging, and in all cases tightly adhered. The larva nearly always 
remained cpiiet in the tube, and did not retract its head into the upper compartment. 
Fearing lest the larva might stretch its head beyond the lower rim of the tube, the 
external surfiice, as fer as it oould he seen from such a point of view, was always of 
the same colour as the lower compartment, but I do not think that the laxv® ever 
stretched so fer ; in fact, the tubes were of such a length that it would have been very 
difficult for t.hftTr> to do so. All the dimensions were adopted afbei’ careful measurement 
of larvee in Stage III. The upper compartment was illuminated tlmough the upper 
aperture, and the lower by the open end of the tube, and also partially through the 
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space between the laiva and the perforation in the lower disc, but this wea largely 
blocked by the larval bristles. The different sizes of the openings through which the 
compartments were illuminated corresponded to the fact that the light which came 
down from the window into the upper compartment was far stronger than that which 
was reflected up into the lower chamber (the glass sheet with the tubes adhering 
being placed a short distance above an ordinary plain deal table). In order to apply 
the tubes, the larvse were induced to suspend themselves from sheets of glass. A 
number of strips of glass were cut of various lengths, and equal, but narrow, widths 
(about 4 centimetres), and these were placed together so as to form a number of 
separate rectangular frames, the angles being secured with gummed paper, a sheet of 
glass being placed as a roof over the top of each. In this way a number of glass boxes 
were obtained, having very low sides (4 centimetres), and very large covers As soon 
as the larvsB in the stock quitted the food-plant they were turned into these boxes, 
and, the low sides offering little impediment, they soon mounted to the roof, and 
prepared for suspension. Some of the boxes were compartmented by another glass 
strip passing across the centre. In other oases the same results were obtained by 
plf^fiing a sheet of clear glass over a low cylinder of great diameter. In all cases the 
larv® of the succeeding subdivisions and those of the next series also were kept in 
separate glass boxes, compartments, or cylinders. A certain number of larv® were 
left free to suspend themselvea among the tubes which surrounded the other larv®, in 
order to observe the effect of varying proximity to tubes with gilt or black external 
surfaces as compared with the results produced upon the larv® inside the tubes. At 
the same time the results are not very trustworthy, for there is no note as to the time 
at which the free larv® suspended themselves, relatively to that at which the tubes 
were fixed, although in nearly all cases the latter took place at an earher date. 

In the succeeding subdivisiona 0 indicates the time when the suspended larva was 
covered with a tube, and r that this took place very shoitly after suspension began, 
1 being substituted if suspension had begun some hours previously ; P indicates 
pu|»tion, and r that the change had just taken place. In the results, “ bladk below ” 
and "gold below” refer to the lower cmnpartments of the tubes, the upper compart- 
ments bdng always of the opposite colour. Each of the subdivisions below (a, &c.) 

corresponds to a single glass sheet with all the pup® suspended from it either free or 
in tubes. 

(a) As soon as the tubes had been made on the morning of September 4, a few 
larv®, which had not been suspended the night before, were covered (a, h, &c., in the 
Table below). At a later date larv® were covered very soon after the beginning of 
suspension (l, 2, &c. below) The experiment was conducted as follows 
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Datee, Ssc 


Sept i, 11.80 k.u. . 

„ ll.«AH. . 

„ 125 pm. 

„ 9.48 PM. . 

„ iSnM . . 

„ 4.48 P.M. . 

„ 6 6P1I. . . 


12 HimriaET 


Sept. B, 9.86 a.m. 


Hesnlta, Sept. 7 



(abont 12 boara | (about 12 hoars ia tube). 

2P P 

(more than 12 hoarb m 


All known about the begmning of suspenaion Gold Black Gold Gold 1 Black 

lathatit had not began 11.16 PJL, Sept 8. below. below, below, below . below. 



1 (black below) 

rather golden; 
Idead. 


2 with black below, both 
light (8) . 

1 with gold below, light (8). 
Little gold oa all 8, rather 
more on the lut 


Very (4); Very (4); 

light gold li£^t gold 

(3). httlo (S). little 

for (4). I for ^4). 


Four more larvae were left free to suspend themselves on the glass roof, in a strong 
east light, among the gilded and black tubes surrounding the larvae tabulated above. 
Results : — 

1 pupa Buspeaded near 2 tubes, gilt outeide very light (3) and little gold. 

1 „ „ 2 „ 1 black and 1 gilt, but nearer the latter light (8) and Kttle gold. 

1 „ „ 1 tube, black outside light (3) „ „ „ 

1 isolated and feUen dovTU from roof very Kght (3) and little gold. 


4 

Comparing the dates of covering and pupation of the larvae, a, &, &c., it is seen that 
they were covered for a considerable time, but at any rate a portion (and probably all 
in two cases) of the important earliest part of the stage must have elapsed before they 
were applied. There is no evidence for any difference between the colours of the 
pupsB in these tubes corresponding to the different colours of the upper (or lower) 
ohambeiB, but the pup® not so light as those numbered 1, 2, &c., which were 
exposed to gold in one compartment or the other for the whole of Stage III. In 
these latter pupae the three in tubes with the gold chambers below were, on the 
whole, lighter than the others, but there is hardly any difference. The free 

larvae produced pupae which were intermediate in colour between those numbered 
a, &0., ftTid those numbered 1, 2, &o., and the individual pupae show traces of slight 
colour differences which correspond to their respective environments. 

The comparison of these results with all others in which the oompartmented tubes 
were used wiU be shown by means of a tabulated analysis at the end of the last 
experiment of the kind in the next series. 

(j3) The next experiment was conducted as follows, and consists of three Sets of 
larvae similar to those described in (a) subdivision 
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The results of the above Table are very similar to (a). In the larvae numbered 
1, 2, &c. (omitting 1, because the experiment failed in this case), the pupae in the 
tubes with gilt chambers below are a little lighter than those with the black ones 
below ; while greater differences in the same direction are shown in the less trust- 
worthy results obtained from the six larvae which were covered by the tubes for part 
of Stage TTT. ; and, as in (a), the latter are on the whole darker than those which had 
been exposed to gilt surfaces for the whole stage, while the free pupae are about inter- 
mediate, oT^d also seem to show some feint correspondence with the colour of the 

surrounding tubes. ^ 

(y) Another subdivision is tabulated below, and only consisted of two larv® 
hi tubes during the whole of Stage IH, and of six free larv® : — 


Datef^ ftc. 

1 

s 

6 laTV 80 free in glass f^lindar. 

Sspt* 4if 12.25 F.if* • 
jj 4 P.M. • • 

Or 


These were free to Buspend themselves 
among black and gut tabes. 


Or 

„ 5, 9.35 A. u.. . 

P 

P 


KesTLlta : Sept. 7 . . 

Black 

Gold 

2 pnpee on side of cylinder and close 
together, and both (3). 

1 on roof close to tuhe,hlack ontside, (3). 

below 

below 


Bark 

(4) 

1 on roof, about equidistant from gilt and 



Very pink 
but bax-dly 
any gold 

black tabe, (3). 

1 on roof near to black tube, dark (SV 

1 on roof, fer off a black tabe, light (3). 

6 


As fer as the evidence goes, the tube with the gilt chamber below produced much 
the greater effect, but the comparison only depends upon two individuals. The free 
pup® cannot well be compared with those above, but they axe distinctly darker than 
those in tubes in subdivisions (a) and (^). The pup® are very uniform, and on the 
whole do not afford any clear evidence of colour correspondence with the tubes, but at 
least half of them cannot have been near enough to be influenced at all 


8 c 


MDCXJOLXXXVil.— B. 




378 MS.. B. B. P0ULT02T ON THE OOLOXTB-EILATION BETWEEN EXPOSED 


(8) This subdivision only consisted of the same two sets as those described in (y). 
The experiment is tabulated below : — 


Datoiiy &0. 

1 

2 

8 

4 

5 

9 Idryeo free m glxaa uoz 

Sepf. 4, 415 1 . 11 . . 

„ 6 pm. . . 

„ 9.15 p.u. . 

« 

Or 

i-i 

s 

CQ 

Or 

s 

^'2 rir 
cs ® 

-H rH 

QQ 

Or 

♦ • 

• • 

Or 

Or 

These lame were free to sns- 
pend themselves among the 
black and gilt tubes surround- 
ing the other larvoa. 

Sept. 5, 9.50 A.u. . 

Pr 

Pr 


&■§ S 

GQ 

© Q pfl 


„ 1 .so p.u. . 

•• 

•• 

P 

Pr 

Pr 


Biesnlts: Sept. 7 . 

Gold 

l)elow 

IniTired, 
Tbut 
appears 
to be 
light (3) 

Black 

below 

(8) 

Black 

below 

Ligbt(3) 

down 

Black 

below 

1 Light (3) 

Gold 

below 

Injui’ed, 

but 

appeal^ 
to be 
rather 
daiker 
than 
light (3) 

1 pupa, isolated, was (3) 

2 litfle neaa*ei‘ a tube gilt out- 

side than a block one woi-o 
both dark (3). 

2 equidistant from a black and 
a gilt tube were both (2). 

1 neoi'er block than gilt tube 
was (3). 

1 some distance from a black 
tube was dark (.3). 

1 little neai*er gdt than black 
tube was (3). 

1 much nearer black than gilt, 
quite close to the black, was 

- 5ght (3). 

9 


The results of the expeiiinents with the tubes seem to be completely uniform, 
while the free pupse are on the whole decidedly darker ; and, as in (y), the individuals 
do not exhihit . any evidence of correspondence with the colours of surrounding tubes. 

This subdivision condudes the experiments with compartmented tubes in this 
series ; they will be analysed at the close of the description of similar experiments 
in the next series. 

S'. A few pupse were found among the food, &c., of the cylinders containing the stock 
of larvsB, and these are interesting as affording a farther critenon of the colours 
assumed, when there is little stimulus from surrounding surfaces, towards either the 
or dark forms. 

In one of the (flinders containing the stock four pupse were found, of which 
two were l 3 dng on the plain deal floor (one light (3), one very light (3) ), while two 
were suspended from the tide (one dark (3), one light (S) ). 
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In the other cylinder also four pupse were found, of which two were suspended 
from the food-plant (both (3) ) and two were lying on the floor of white paper, but 
darkened with food-plant and faeces (one dark (3), one very light (3) ). One larva was 
placed in a tube consisting only of the upper gilt compartment, and thus the only 
surfaces below were the lower face of the lower disc and the oiitside of the 
cylinder. It was not known how much of Stage HI. was passed in the tube. The 
pupa was (3). 

Thus 146 pupae were obtained from this series. Some of the results of the above- 
recorded experiments are deferred until after the description of similar experiments 
in the next series. 

yTTT. — ^Another large company of larv® was found, also August 31, on the large 
nettle-bed Tiftn ,r South Hincksey, upon which three of the previous seories were also 
found. These were kept in clear glass cylinders, and were made use of in the 
following experiments : — ■ 

A. Some of the larvae which were found suspended in the cylinders containing the 
stock were transferred to gilt and black surfaces for the rest of Stage III. 

Thus, on September 4, 12 suspended larvae were taken from the clear glass cylinders, 
where they were attached to the food-plant and clear glass roof, &c., and were pinned 
against a gilt surface facing a strong east light, dose to the glass of the window 
(about 5 centimetres distant). The larvae were taken as soon after the beginning of 
suspension as possible, but there were considerable differences in this respect, as the 
Table indicatea Similarly eight larvae were pinned against a black surface under 
conditions which were otherwise exactly similar. The experiment was conducted as 
follows : — 


3 o 2 
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Dafcesi &C. 

(a) 12 lama transferred from stotk to gilt. 

(B) 8 luYiB iionsferred from stock 
to Hack. 

Sept. 4 8 P.ac. • • 

„ 3.15 p.m. . . 

„ 9 P.U. . . . 

„ 9.15 F.M. . . 

„ 12 UIDSiaHT . 

Sept. 5, 9.55 A.U. . . 

i 

■ • « 

■ • • 
IjHfltpTl- 
pated 6 
Ilts. oh 
gilt 
• • • 

• • • 

« • • 

Ijnstpu- 
pated 9 
nrs. OIL 
gilt 
■ * • 

12 suspended lairysepinned 
on gilt surface 

No change 

No change in othera . . 

If « • ' 

All pnpated some hours . 

8 suspended laryee pinned on 
hla^ Burfaoe. 

No ohauge. 

9) 99 

99 99 

1 pupated (less than 9 hrs. on 
surface) and 1 pupating (9 
hrs. on surface). 

All pupated some hours. 

Besnlts of oomparisoii, 
Sept. 7 

(3) . . 

B 

1 

Of the 10 pupae — 

2 were (2) 

8 „ (3) 

8 „ light (3) 

1 was veiy light (3), 
nnusufid gold. 

1 was very Hght (4) 
with norm^ gold, 
hut rather dark in 
other respects, red- 
dish posteriorly. 

10 

Of the 8 pupse — 

1 was d^k (3) 

2 were (3) 

5 were light (3) 

8 

With the norm^ moderate 
amount of gold on half the 
pupae. 


It is (]ut6 ccrt&in that ths larvcs of which the time of pupation is known only 
passed 4)ie lattorhal^ or even less of Stage HI., on the gilt or black surfaces, and it is 
equally ceortaan that few of the others had been transferred for the whole stage ; for, 
if we assumed that pupation took place in the majority of oases at 5 a,m., September 5, 
t 1 ii« would only leave 14 hours for Stage HI. 

It is probably on this account that the colours show so little correspondence with 
the surfaces on which pupation took place, for there are even two (2) on the gilt 
surface, although these are compensated by the one (4) and the one very light (8). 
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B. In the next experiment the compartmented tubes were made use of which were 
described in Division E. of the last series. These experiments are also divided into 
subdivisions, eadi of which corresponds to a sheet of glass with all its suspended pup® 
covered and free, and therefore subjected to uniform conditions of illumination. 

(a) In the first experiment the larv® were covered with the tubes for nearly the 
whole of Stage III., and there were no free larv® among the tubea The experiment 
is shown below : — 


Sept. 4, 4.40 F. 1 C. 

Sept* 9 50 A M. 

1 

2 

3 

A 


All oovered ' 

P 

trith tubes sooi 

P 

Mostly f al 

CL, but Bot imir 

P 

leu down 

lediatelj, afler 

P 

saspenaiou. 

Beanlts, Sept. 7 . . 

Gold below 

(4) 

Gold below 

Very Hgbt 
(3) 

Blaok bdow 

Very dark 

(3) 

Gold below 

(4) 

Bather dull, 
but fair 
amount of 
gold 

Dead 


Hence the tubes with the gilt chamber below produced much lighter results than 
those with the gilt chamber above ; and it appears to be probable that the larv® were 
decidedly influenced towards the light side of normal, and therefore that but little 
of Stage m had elapsed before the tubes were applied. 

(;8) The next experiment included larv® in tubes for all Stage HI., otliers for part 
of the stage, and others free among the tubes. 
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Date*, ftc. 

1 

2 

8 

4 

5 

4 other lanre In 
compartmented 
tnbed. 

5 laiTCB free in 
glass box. 

Sept. 4, 6.30-6.4S P.JI. 

Or 





Few notes 
taken, be- 
oanseitwas 

These were 
free to sos- 

„ 9.10 P.U. . . 


Or 

Or 



pend them- 




not known 

B e 1 y e B 

„ 11.45 VM. . 


• • 

e • 

Or 

Or 

how long 
the larym 

among the 
fi^t and 




r 


i-f 2 

had been 

black tubes 





r 

01 

suspended 

surround- 

Sept. 5, 12 40 F.1C. . 

. 



Sii 


when cov- 

the other 

„ 2 P.1I. . . . 

« 

• 


ij 

li? 

GQ 

^ CO 
QQrH 

ered 

Sept 4, 11.45 

larvffi. 

Sept. 5, 9.50 

„ 4.30 PJ*. . . 

• m 

•• 

Pr 

Pr 

P.M., 2 pu- 
pate re- 

A.H., all 

pupated. 

„ 10.55 P.M. . 

p 


m • 

p 


cently 

Sept. 6, 9.60 
A.M., all 

pupated 


Sepi. 7 . • 

Dead 

Dead 

Gold 

below 

Gold 

below 

Black 

below 

2 gold below 
contained : 

1 close to 1 
tube, gilt 







1 (4), reiy 

outside, 




Very 

Very 

Very 

Ugbt pink 

was dark 




light 

light 

light 

and Httle 

(3)* 





w 

(8) 

gold 

1 veiy light 

1 good deal 
furtber off 







(3) 

was (2). 

8 quite close 







2 black below 

to 1 tube, 







oontained : 

black out- 







1(2) 

1 only par- 

side, were : 

1 dark (3) 







t i a 1 1 y 

1 . . 







changed, 

1 light ?3). 







bat appa- 

These all on 







rently a 

glass roof. 

1 



j 

1 


dsipk (8) 

5 


The results produced after the larvae had been covered for the whole of Stage III. 
(»*.& 1, 2, &0.) are all the same, the position of the gilt chamber Tnaking no difference, 
while in ihose covered for a shorter time the difference is very great, the two pupae in 
the tubes with the gilt chamber above being very dark, and supplying the only 
imthannA of a (2) in the whole of the experiments with compartmented tubes. It is 
probable, in feet nearly certain, that the darkneas of these two pupae is at any rate 
partially due to individual tendencies or to influences which acted before the larvae 
were covered. There are no evidences of any colour-relation between the flee pupae 
and the ntighbouring tubes. 

(y) In this, the last experiment with compartmented tubes, I removed the upper 
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perforated from each tube, believing that I had in the other experiments allowed 
far too much for the greater illumination of the upper chamber. The results of the 
experiment are shown below : — 



Most unfortunately only two larvae underwent the final change, and at this time 
the stock of. larvae was exhausted, and no more could be obtained until another 
season. Had I been able to find them, I much wished to make a large number of 
experiments with tubes in which the upper disc was removed. However, as far as 
the experiment goes, it strongly supports my impression that the predominant of 
colour-eflfect produced by tubes with the gilt chamber below is entirely due to the 
much greater illumination from the "wider lower opening. This will be alluded to 
below in discussing the analysis of all results obtained after the use of compait- 
mented tubes. In this experiment the pupa in the tube with the gilt chamber above 
was a somewhat dull (5), but nevertheless the only (5) obtained in any of the experi- 
ments with the tubes. Among the free larva there is some colour-correspondence 
•with the neighbouring tubes, which certainly suggests some influence on the part of 
the latter. It is interesting to note the extremely light results of experiment (y) as a 
whole. 

Before conduding the experiments of Series XIH., it is best— now that all the 
results obtained by the use of tubes have been descsribed— to analyse the colours 
obtained in all subdivisions in which this method has been employed in this and the 
preceding series. The analysis is given below : 
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' Almost oqnol, but some prepondoiating 
effect folloiro whea the gold chambora 
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/Bosnlts equal m &r as evidence goes; 

darlcer tium the above. 

Besnlta intermediate between the two sets 
compared above. 
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In tibe above Table it is seen that the difference in the position of the gilt chamber 
corresponds with a larger difference in pupal colour when the larv® were covered for 
part of Stage III. than when they were covered for the whole of it. And the difference 
is by the increased darkness of the pupse of the former set in tubes with the 
gilt chamber above (especially in XIII.), while the pupae in the other tubes of the 
same set are as nearly as possible identical with those in similar tubes, but which 
had been covered for the whole stage. This is probably due to the fact that the gilt 
chamber when below was strongly illuminated, and could produce effects even when 
working for something short of the whole stage — although it is very likd.y that 
large numbers of experiments would show that such effects are not so great as when 
the influence worked for the whole stage, while the less iUitminated upper chamber 
failed to have any effect except when working for the whole stage. 

If the results obtained were merely those of the last three lines of the complete 
total, it would make the conclusion as certain as the conditions of this e^eriment 
and the numbers employed could make it— that the influence does make itself felt 
through some anteriorly placed sense-organ situated in the lower chamber, and affected 
by its colour alone. Accepting the free larvae as on the whole normal, it is seen that 
when the head was in black surroundings the pupse are in no instances as light as the 
two lightest degrees attained among the normal ones ; but when, on the otlier hand, 
the head was in gilt surrotmdings the pupse never reach the two darkest degrees of 
the normal pupse. But such conclusions are quite upset by the further comparison 
with the far more trustworthy results of the pupse which were covered for the whole 
of Stage IIL Here also the pupse in tubes with the gQt chamber below are rather 
lighter, but the others, although not equally light, are lighter than the free pupse. It 
has been suggested above that the free pupse axe about normal, and I thmk that 
this suggestion is conflrmed by a comparison with the pupse found on the food-plant 
and in the cylinders in which the stock was kept (see below, D.) The influence of 
a colour — bla^ or gold — felt by a larva must be immensely different according as the 
latter is inside a tube or outside it, and it may well be that the effects in the Isuat case 
are so slight as to be often inappreciable when the stimulus has been applied during 
Stage III. only. Certainly in the above-described experiments the fects of one set of 
firee pup® seeming to indicate a slight influence are compensated by those of the next, 
in which the results are highly irregular. I believe, however, that the effects were 
real in a few instances, although very slight, but there is insufficient evidence for the 
belief in these experiments alone. 

Asannung, then, that the free pup® axe not far from normal, we see that the pup® 
in tubes for the whole of Stage HX are lighter, whatever be the position of the gilt 
chamber ; the gold has a more powerful influence than the black with either system of 
relative poataon. But such results are quite inconsistent with the theory that the 
laxval ocelli axe influenced by the colour, for it is seen that the gold produces effects 
when it is slmt off from the anterior part of the body together with the head. The 
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altei*native hypothesis — ^that something in the skin is sensitive to colour influences — 
seems at first sight to be opposed by the stronger effects which followed the appli- 
cation of the stimulus to the smaller, anterior, skin area. But, in the first place, the 
difference between the sizes of the two areas was very small, for the anterior part is 
much swollen before pupation ; and, furthermore, I now feel sure that I over-compen- 
sated for the greater illumination of the upper chamber. I did not allow for the fact 
that the larva always spins a film of silk over the glass for a considerable distance 
round the boss from which it is suspended, and that the transparency is much 
impaired in this way. Finally, it has been shown that when in the last experiment 
(XIIL, B., y) there was an equally large opening to the upper as to the lower chamber 
the gilt surface when above did actually produce greater results than when it was 
below, although the conclusion is only supported by a pair of pupae (the sole survivors 
in this experiment). Although there are so few, the fact that the only (5) out of 
83 pupae was thus produced is certainly important testimony. Finally, when we 
compare these results with those of the more perfect conflicting colour experiments 
conducted with the frrames previously described (XII., D.), and which will be further 
mentioned below, we see that the above explanation of the effects produced in the 
compartmented tubes is probably correct ; that such results show that the. sensitive 
surface is not represented by a sense-organ in the head, or with an anterior position 
only ; while, on the other hand, when all the conditions of experiment are considered, 
the results harmonise well with the converse theory of a general susceptibility of the 
larval skin to the influence of certain colours. 

C. Notwithstanding the order in which the above experiments are arranged, the 
use of compartmented tubes was an earlier contrivance than tiie firames mentioned in 
XII., B., and by the end of the last experiments I realised that the latter method 
was fej better, because of the equality of illumination, whether the gilt area was 
above or below. I therefore made a larger and better frame, of which a drawing is 
shown in fig. 4. (^ the real size), while a section is shown in fig. 5 (of the actual size). 
Upon the frame were pinned all the larvce which were found suspended in the stock 
cylinders, for those covered by the tubes were previously placed during Stages I. 
and II. in special boxes or cylinders. Unfortunately, the larvae on the firames began 
to pupate almost at once, and out of the 56 larvse only seven can have been 
subjecsted to the colours for nearly the whole of Stage III., while eight others had 
been on the firame for about 12 horns (two-thirds of the stage). The experiment is 
shown below in a tabular form : — 


3 I) 2 
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Eig 4. 


^ real axe 


Fig. 6 





A. imiillm«rfaitorT)««tof larroini^twiiw latgar porterior part in black. 
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The larvse were pinned on the frame between 10.10 A.M. and 11.50 A,M., September 5, 
and several are seen to have pupated almost immediately, and before the process of 
pinning could be completed. 

The pup» were arranged in four rows, A, B, C, D, and the larvse were taken finm 
the roof, sides, and food-plant of both cylinders containing the stock of this series. 
When any group of suspended larv® was found on any part of the cylinders they were 
always pinned, one after the other, on all the rows, viz., first A 1, then B 1, 0 1, D 1, and 
then beginning again at A 2, and so on. In this way any tendencies possessed by the 
individuals of each group (due to time of suspension, reciprocal effects of the black 
larval surfeces, &c.) were, as far as possible, compensated, and we can trace the effects 
of this method in the results. Thus No. 8 in each row is remarkable for exceptional 
flnrlmpim (three (2) and one dark (8) ), and each of the four larvae waa found to have 
pupated at the same time of examination (11 f.k., September 5). 

The chief results of this Table are analysed below : — 


Degrees of colour : — 

(1) Darkest and least golden 
(6) liigiiiteBt and most golden. 

(1) 


l> 

Dazt 

(«) 

(*) 

(8) 

Very 

light 

(8) 

( 4 ) 


AnalysiB of pnpse whioli 

A 



1 

1 


1 




changed recently at 11 p.m., 

B 



1 



1 




or after that time, and there- 

rc 





i* 

2 


i’ 

1 

fore had been on frame about 

T) 

■ • 

j. 


« • 

1 


3 




12 brs. or more in aU cases ^ 


■ « 



JL 


1 





The comparison between the larvae exposed to the influence of conflicting colours 

^ and C — is in fe>vom of the view that the larval skin supplies the sensitive 

surface which is affected by light of certain colour. The results produced on the 
larvae upon the single colours, black or gold, viz., B and D, are less satisfiictory, but 
the numbers are very small If the eight larvse which must have been longest on the 
frame are analysed ^one, we obtain the following results ; — 


Degrees of colour : — 

(1) Darkest and least golden. 

(5) Lightest and moat golden. 

(1) 

(2) 

Very 

dark 

Dark 

(8) 

(8) 

lAgbt 

(8) 

Very 

light 

(4) 

(«) 



(8) 



(8) 



Analysis of pupoa which had"' 
changed on the morning of 
Sept. 6, and which Jbad 


i 

« • 

■ • 

• • 

1 

1 

• • 

m • 

•• 


• tf 

• a 

1 

L » • 

• • 

th^fore probably in most 

1 0 

. . 

• • 

• • 

■ • 

1 

o 

1 

i * * 

1 

oases passed nearly the whole 
of Stage EEL on the frame ^ 

D 






1 


1 * * 



Here, again, the comparison between A and 0 affords very complete support to the 
above-mentioned theory as to the larval sense-organs which are affected; but B and D 
are also unsatisfactory, and it is very likely that one or more out of these three larva 
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in. tlxB two rows nmy havo pupatad soon after 11 p.m., September 6, and tbus may 
have only spent two-thirds of Stage III. on the frame. I do not urge this because of 
the coufliotion of the results with A and 0, but because of the earlier transference 
expeiinients, in which results were distinctly shown to follow from exposure during 
the whole of Stage HI., and this in spite of the previous influence of colours tending 
to cause an opposite effect (see results of Series IX., B.). It now remains to add 
together the most trustworthy results of this experiment as shown in the last Table, 
the most trustworthy results of the similar experiment in the last series (XII., D.). 


Begreea of oolotu 

(1) 

(2) 

Yeiy 

dark 

(8) 

nuk 

(8) 

(8) 

Light 

(8) 

Verj 

light 

(8) 

(4) 

(6) 


A. Larger skin area in black, 

• • 

c • 

1 

1 

1 

• • 


• • 

• • 

= 8 

szooller in gilt for 











Stage in 











B. Entirely esq^sed to gilt 
for Stage IIL 

• « 

• 

1 


• 

• • 

■ • 

5 

1 


Largest skin area in gilt, 

• * 1 

. . 

• a 

• • 1 

1 

2 

1 

• • 

1 

ss 5 

smaller in blaok for 











sta^ ni 

D Entixaly exposed to blabk 



• • 

« • 

, 

5 

2 

1 

. . 

= 8 

for Stage III 










23 


The comparison between A and C, and between either of them and B, entirely supports 
the above-mentioned conclusion, while such results cannot be made to harmonise with 
the theory of a sense organ of this kind in the head. The results of D remain as a 
difficulty under any theory, and I can only account for it by supposing that the 
individuals were unusually light. 

At the close of these long series of conflicting colour experiments, entirely directed 
towards the settlement of the important q^uestion of the position of the sensory surface, 
I must a gaiTt point out that all the results which were to be gauged have been 
acquired from the influences working during Stage IIL only, and very often for only 
part of it, and that all previous experiments of the kind have pointed towards the 
conclusion that such results must be highly irregular, and con only be brought to bear 
as evidence by the use of large numbers. I could not, and did not, expect that the 
results would be more r^ular than they have provedT to be^ but I expected sufficiently 
dear results to confirm or to upset the condusions arrived at from the numerous 
blinding experiments, and I think that the results have ended in as complete a 
oonflimarion as the necessarily limited conditions of experiment could be anticipated 
to produce. It will be unnecessary to further summarise any of the conflicting colour- 
experiments. 


B. ^finally, to'smrds the dose of the experiments, 20 pupae weore found on the food* 



.LEPIDOPTEROUS PUPiEl AND THEIR SURROUNDING SURFACES. 398 

plaat or floor of the cylinders in which the stock was kept. These are iLseful as 
affording criteria of the normal tendencies of this series. By “ normal ” I mean, in 
such cases, the tendency which manifests itself when the larva is placed among colonrs 
to the influence of which it is not sensitive ; and the resulting pupae deseiwe the name 
" normal” for another reason — because they are generally the commonest forms met 
with. But that they are the commonest merely implies the continual selection of 
certain surroundings which do produce effects on the larva, so that we see that the 
continual repetition of an influence of a certain kind, always, generation after genera- 
tion, producing its corresponding effects, may gradually wear oiit for itself a line of 
least resistance along which the formation of pup^ colours will always tend to travel, 
not only when the appropriate stimulus is present, but also in the absence of any 
colour which can act as a stimulus to the larva. Hence, in Mrs. Bakbeb’s paper, we 
learn that by far the commonest forms of the pupa of Papilio nireus are deep green, 
because they nearly always pupate among green leaves, and thus the deep green 
pup®, again and again formed, became the “ normal ” form, or that variety which most 
individuals will assume in the absence of anything which can be a stimulus. Accord- 
ingly, we find in Mrs. Barber’s experiments that pale gi’een and yellowish and 
purplish-brown all acted as stimuli and produced pupse of corresponding colours, but 
that scarlet could not act as a stimulus (except to the formation of a small part of 
the colour), and that the resulting pup® were not scarlet, but were of the commonest 
deep green colour. It is interesting to note the completeness of the failure of the 
stimulus in thia instance, for the purplish-brown pupes, if produced, would have been 
far less conspicuous on the scarlet cloth than the pupae which were actually produced. 
And pimilfl-r facts are to be found in these experiments upon V. it7'tica, when the 
larvae were surrounded by green surfaces, which, in this species, do not act as stimuli 
Therefore it is of great interest to collect careful notes of the pup® suspended from 
the food-plant, especially when experiments have been made upon others of the same 
series. 'The pup® of this series were of the following colours : — 

Of the 16 pup® snapended from the food-plant, 6 were . . (4), mostlj -with uormal gold, but rather 

dull otherwise. 

6 „ light (8). 

4 „ . .(3). 


15 


Of the 5 pupa lying on the white paper floor, on which food and dark excreta 
were also lying 


1 was . . (4), golden. 

1 „ light (3). 

1 »i • • (3)‘ 

1 „ dark (3). 

1 „ • -(Z)- 


3 E 


MDCOCLXXXVH. — B. 
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In thesd results the effects of the white paper floor, although greatly obscured, 
must not be overlooked as acting upon the pupae on the food-plant as weU as on the 
floor itself. In this case, of course, the colour exerted its influence during the whole 
of the preparatory period. 

Thus 118 pupae were obtained from this series, and 598 pupae altogether from 
Series III.— XIII., both inclusive, viz., in all the series which correspond respectively 
to single companies of larvae. In addition to these, 82 pupae were obtained from the 
mixed companies of Series II., and at least 20 in Series I., making a total of 700 
pupae examined, and affording the results upon which the conclusions of this paper 
are based. 

"RECAPnULAinON AND CONCLUSIONS. 

It is now necessary to analyse the results of all the experiments in the above 
series in which larvae have been exposed to surroundings of different colours during 
the whole of the preparatory period, or, at any rate, during Stages H. and III., in order 
to present the entire proof of the influence of ceitain colours upon the larvae as con- 
trasted with the powerlessness of others. Incidentally, the negative results of the 
bliTtflmg experiments will be brought out at the same time. The tabular analysis 
becomes more complex after the earliest experiments because of the ftu’ther subdivision 
of the degree of colour represented by (8) ; but, at the same time, all the shades of 
difference included under this one degi’ee are together only e(|ual to any one of the 
other degrees. The colours will be taken in the order in which they were tested. 
The effects of crowding, &o., cannot be gone into in the follovdng Tables, although 
they are necessarily excluded in certain cases. 

1. Oeangb : — There was no influence shown in the one experiment in which this 
colour was used. 

2. Gbben. 
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These results show the iiidifPerence of the larvae to the green surroundings very 
clearly. It is most probable that the slight predominance of the darker forms over 
the lighter is due to the dim light in the shaded cylinders. 

4. Black. 


Degrees of colour. 

a) 

(2) 

Daik(8) 

(3) 


(4) 

(5) 



Series II. Division G. . . 

1 






, , 

= 1 

Not in 1 
black all ) 

„ nr. „ 0. . . 

• • 

2 


2 

1 

1 

ft ft 

= 6 

period J 

99 ly « 99 A . . 

„ IV. „ B. . 

3 

5 

4 

17 

4 

13 

1 

1 

• « 

• m 

« * 

ft • 

• • 

- 12 
= 86 

Same 

Groups 1 and 2 
^Series VIII. Division A. 

« • 



1 

7 

.. 


= 8 

Subdivision o. Blinded 





4 



= 8 

condi- < 

Series VIII. Division A 

• • 

. • 

3 

1 

. e 


tioiiB 

Subdivision Normal 










Series IX. Division B. (}TOup2 

• • 

1 

• • 

5 

• • 

1 

• • 

= 7 


rSeriesXIL Division A. Sub- 

2 

2 

4 

3 

2 

. . 


= 13 

Same 

division a. Black in dark- 


1 







condi- -• 

ness 



3 

8 


1 


=: 14 

tions 

Series XIT. Division A. Sub* 
division Black in light 

• • 

3 


1 






Totals 

11 

29 

27 

22 

14 

1 

1 ^ 

1 


= 105 

Bes-olts expressed as percentages of 

10-5 

27-G 

26 7 

210 

13-3 

19 



the total 


• 








These results show the powerful effects of the black surroundings quite as much in 
the absence of pups in column (6), and the presence of only 2 in (4), as in their 
abundance in the other columns. 


3 IS 2 
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5. Whub. 



Degrees of colour. 

(1) 

(2) 

Dark (3) 

(S) 

LighL (8) 

4) 

(«) 


Same I 

Series IL DiyUdon J Sab- 
diTision a. TJnblinded 

•• 

•• 

•• 

1 

•• 

•• 

3 

= 4 

con- s 
ditions 

Series II. Division J. Sub- 
division /9. Blinded 

•• 

2 


1 

* ' 


1 

=s 4 

Oon- 
ditioM ^ 

Series III. Division A. Dn- 
bbnded 


• 

• • 

5 

4 

4 

2 

= 15 

noft quite' 
same 

Series m. Division B. 

^ Blinded 


3 

• • 

• * 

1 

2 

2 

= 8 

Senes IV. Division B 
Group 3. (But not m 
white for the whole period) 

• • 

* • 

5 

8 



• • 

= 5 


Series IV. Division 0. . . 

• • 

1 

2 

4 

1 

« • 

= 16 

Same I 

" Series IV. Division E. Sub- 
division a. Dnblinded 

• 

•• 

2 

1 

2 

1 

• 

= 6 

con- < 
ditiozis 

Series rV. Division E. Sub- 
division jS. Blinded 

• • 

• ■ 

1 

8 

1 

• t 

« 0 

= 5 


Series V. Jbivision B. Cylin- 
ders 2, 3, 6 

* • 

■ ■ 

• • 

1 

2 

2 

• • 

= 3 

Same 

^ Series V, Division 0. Globes 
with normal larv» 

*• 


• « 

3 

1 

• • 

= 6 

con- < 
ditions 

Series V. Division 0. Globes 

L with shorn larv© 



• • 

2 

8 

1 

• • 

= 6 

Same 

^ Senes V. Division D. Sub- 
division a. Shorn. 

•• 

« • 

1 


1 

1 

• • 

= 3 

con- ■< 
ditions 

Series V. Division D. Sub- 
division )8. ITomial 

. « 

• • 


•• 

2 

■ • 


= 2 

Same 

" Series VI. Division A Sub- 
division CL Unblinded 

• • 

1 

3 

3 

4 

1 

• • 

= 12 

Oi)n- ^ 

ditions 

Series'^. Division A Snb- 
^ division /3. Blinded 

« • 

V m 

2 

6 

1 

8 

1 

= 12 

Same 

con- 

Series VI. Division B. 
Globes with unblinded 

V larvae 

• • 

* • e 

2 

4 

4 

1 

« « 

= 11 

ditions 

1 Series VL Division B. 

1 Globes with blinded larvm 

. • 

• • 

8 

•• 

4 

4 

a ■ 

= 11 

Same 

“ Series IX. Division A 
Isolated larvae 

• f 


• # 

• 4 

P * 

2 

2 

= 4 

con- “ 
ditions 

Series IX. Division A 
^ Crowded larvae 

m m 

*• ♦ 

• « 

4 f 

10 

2 

• • 

= 12 


Totals p 

« * 

7 

21 

87 

44 

25 

11 

145 

Besnlis expressed as percentages of 
the total 

0 

4-8 

14-6 

2S'5 

30-8 

17-2 

7-6 



These figures show lihe strong effects of white surroundings in producing gilded 
pupsB. 




LBPIDOPTEEOUS PTJP^ AND THEIB SUHEOTJNDINa- SDEEACES. 


397 


6. Gilt. 


Dogruea of colour. 

(1) 1 

(2) 1 

Dark P) 

(8) 

Light (’)^ 

(*) 

(«) 


a 

Series II. Division I Sub- 






1 

2 

= 4 

Same 

division a. Unblinded 





* 




con- < 

Series II Division I. Sub- 




1 

, , 

• . 

1 

= 2 

ditions 

^ division p. Blinded 










Senes IV Division D. 


1 

1 

5 

3 

1 

1 

= 11 

Same 

r Series V. Division A. Sub- 




• • 

1 

2 

1 

= 4 

con- 

division a Shorn 









ditions 

Series V. Division A. Snb- 

, 


• . 

• . 

1 

3 

. . 

= 4 

in tlie 

division p. Normal 









two snb- 1 

Series VII Division A. 

• , 


• • 

. . 

1 

4 

1 

= 6 

diTisions 

Subdivision a. Blinded 









of each 

Senes VH. Division A 

• • 

• • 

. . 


4 

1 

. . 

= S 

pair 

Subdivision Normal 










Senes IX. Division B 


• . 

. . 

. • 

5 

7 

8 

= 20 


Qroup^IV. 










Series X. Division A. . . 


. I 

. • 

. . 

• . 

5 

. 

= 5 


Senes XII. Division B. 


] 

1 

. • 

2 

3 

. . 

= 6 


Subdivision a 










Totals 

-• 

1 

2 

7 

16 

27 

14 

67 

Hesiilts exproBsed as percentages of 

0 

15 

3*0 

104 

23-9 

403 

20-9 

. 

the total 










These figures show that the gilt surroundings have much more powerfiil effects than 
the white surroundings in producing gilded pupae. 

It will now be of interest to place the percentages of these various colours below 
one another to indicate their differences as strongly as possible. 


Degprees of colour 

(1) 

(2) 

Derk 

(«) 

(3) 

Light 

(3) 

(4) 

(6) 

Numben of 
pupsa obtained. 

2 Qi'een atu'TouTidmgR 

3. Blaok „ 

4. WMte „ 

5. Gilt 

por cent. 

51 

10-5 

0 

0 

per cent. 
20-5 
27-6 
4-8 
1-5 

per cent. 

64-1 

25 7 
14-5 
3-0 

per cesnt. 
64-1 
210 

25 5 
10*4 

per cent. 

64-1 

133 

30-3 

23-9 

per cent. 
20 
1-9 
17*2 
40-3 

per cent. 

7-7 

0 

7-6 

209 

30 

105 

145 

67 

Total . . . 

• « 

» • 

•• 

i 

•• 

* 


856 


In the above lists the effects of bh’nding and snipping off the bristles are also 
recapitulated. The transference experiments and the conflicting colour expejiments 
have been already systematised as far as it is advantageous to do so ; for the details 
are of paramount importance, being absolutely necessary for the interpretation of the 
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results of experiments in winch the colours were only applied for a small part of the 
time (luting which the larva is sensitive. 


Eocp&rvm&nts upoti Vanessa atalaiita. 

Series 1. ^Four larvae of this species were kindly sent to me by Mr. H. L. Sdrbigb, 

and on September 1 two of them were placed in a small glass cylinder surrounded 
and roofed with two layers of black tissue-paper, and with a black floor. One larva 
was a dark variety and probably in the stage before the last, while the other was 
a light variety and in the last stage. At the same time two other similar larvae— a 
dark and a light variety, both in the last stage— were placed in one compartment 
of the gilt box previously described. 

Sept. 2. The light-coloured larva in the dark had pupated some few hours. The 
other larva diecL 

Sept. 4, 4.20 P.M. The light larva in the gilt box had just suspended itself to the 
roof. 

Sept. 5, 10.38 AM. The light-coloured larva was pupating. Therefore Stage III, 
was alm(fflt exactly 18 hours in the case of this larva, both limitB being obtained 
with unusual precision. The dark larva pupated subsequently. 

Series 2. — ^Mr. Subbaoe kindly sent me many otiher larvse of this species, and of 
t liAHft four nearly mature dark larvae were (September 10) placed in a small cylinder 
vrith a gilt roof and gilt background, extending round half of the internal circum- 
ference of the cylinder, the dear side being turned towards a strong light. 

On September 14 all had pupated, one upon the food-plant and three upon the 
roof. Stage III. was estimated at about 20 hours in one case, while in another it 
must have been at least 24 hours in duration. 

At about the same time a few other nearly mature larv» were placed in a 
darkened cylinder with black surroundings, and two pupse were obtained from this 
experiment. 

Three pupae were obtained from another set of larva in a dear glass cylinder 
roofed with wHte muslin. 

Besvlts . — ^Thus altogether 6 pupae were obtained in gilt surroundings, 8 in black, 
and 8 in dear glass with a white muslin roof The 9 pupse of Series 2 were all 
compared together on September SO, while the 8 pupse of Series 1 had been 
compared much earlier and the imagines had emerged. The results, however, 
appeared to be very uniform. 

The pupae in the gilt surroundings were all very golden for this species, with the 
Vnagniflcent lateral triangular golden patch on the fourth abdominal segment, and 
with the four dorsal golden patches and sub-dorsal golden tuberdes especially 
bi^t rqx>u the metathorax and first abdominal segment. The most golden of the 
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4 pupss in Series 2 was figured, and is shown in fig. 13, X 2, Plate 26, but there was 
not much difierence between them. 

The pup® in black surroundings were immensely different, the ground-colour being 
much darker, and the only golden appearance being on the tips of the sub-dorsal 
tubercle, spreading a very little on to the sides of the latter, while none reached the 
general surface of the pupa. In Series 2 one pupa was much darker than the other, 
ftTiH in it most of the tubercles have no golden colour on their apices, which are 
merely of a lighter colour than the rest of the tubercle. This pupa was figured, and 
is shown in tig. 12, X 2, Plate 26. 

The pup® in the dear glass cylinder were intermediate between the two above- 
described varieties, but were nearer to the golden ones. 

These results are extremely interesting in their specific peculiarities no less than 
in tr hftjy harmony with the effects wrought upon the pup® of V. urticcB. As far as the 
experiments went there was nothing at aU. comparable to the amount of golden colour 
common upon the varieties of V. urticcB represented by (4) and (5), although the 
difference between the two forma, caused by the gilt and black surroundings 
respectively, was exceedingly marked, and the gilt appearance, though limited in 
amount, was perhaps more brilliantly metallic than in V. urtic(B. The length of 
Stage III. seems to be about the same as in the latter species. 

The Biologiccd Value of the GflZded Ajopeai'ance in Pupa. 

It has been long observed by many entomolo^sts that the excessively gilded 
pup® which are sometimes found in nature almost invariably contain the parasitic 
larv® of the Ichneumonid®, although Mr. T. W. Wood has proved that this is not 
necessarily the case. I need hardly say that my own brilliantly golden pup®, 
produced by experiment, were entirely healthy, and I had no mstance of the presence 
of parasites in any of them. Large numbers of them were allowed to develops 
into Butteitiies, a.Tid these finally emerged in a perfectly normal manner. However, 
three pup® of Vanessa uHica, found wild upon the food-plant during the past 
season (1886), were more golden than is usual in nature, and ^1 three contained 
parasites. The contrast between the golden pup® produced by gilded^ Burroundmgs 
and by disease certainly indicates that the former is the normal association, the latter 
being probably merely inddental It is probable that the diseased state of the larva 
in some way prevents the formation of pigment in the pupa, and then the golden 
appearance is formed which is always normaUy associated with the absence of pigment 
It is quite dear that these interesting results of abnormality offer us no explanation 
whatever of the normal use of the gilded appearance. The first suggestion was made 
by Mr. T. W. Wood in the previously quoted paper— that a gilded pupa does not 
resemble any object which is of interest to the enemies of its class ; but, looking more 
like “a piece of gold or brass than anything else,” is likely to be passed unnoticed. 
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The resemblance to brass or gold can hardly be of value, because the only one of these 
substances which occurs in nature is not sufficiently abundant to offer a model for 
imitation which is likely to be of any service to the insect ; and the same objection 
holds good against any metal or metallic sulphide, although, as far colour or lustre is 
concerned, the resemblance to such a substance as iron pyrites would be admirably 
adapted for protective purposes. 

But it is hardly enough, to say that the gilded appearance is unlike anything 
which is usually of interest to insect-eating animals. It is cei*tainly necessary in 
addition to point to some substance in tbe surroundings whiob is also of uo interest, 
andwbicb the pupae are protected by resembling. And such a substance is, doubtless, 
found in the glittering mineral mica, which is often metallic and golden in 
appearance, and which is very widespread and abundant. The shape of the 
chrysalis of the Yanessidae is very angular, and strongly resembles a mineral surface, 
amd the up ual appearance of the scattered golden patches on a grey ground is exactly 
the effect produced by tbe manner in which tbe flakes of mica occur scattered among 
other less brilliant minerals in granite and other rocks. It has been shown in 
tbe experiments that tbe excessively golden appearance is only produced in normal 
pupae when the surroundings are correspondingly biilllaut, and such a stimulus would 
of course be provided by an unusual abundance of mica flakes, or of exceptionally 
large crystals of this mineral. Eurthermore it has been shown that the tint of the 
lustrous pupae varies with the colour of the sun’oundings, being generally silveiy 
when white paper was used, and golden when a gilt suiface was employed. Hence 
the various tints of mica, white and silvery or dark and golden, would produce the 
corresponding protective shades of colour on the pupae. When the brilliant lustre of 
TYiina. or other minerals of recently fractured and exposed rock-surffices is dimmed by 
tbe process of weathering and growth of lichens a grey colour is produced which 
would act as a stimulus for tbe darker varletieB of pupa, while the darkest would 
be formed in tbe deep shadow of irregular cavities and furrows. Hence the pupae of 
the Yanesmdae have two chief varieties to correspond with tbe two chief conditions of 
their mineral surroundings — the brilliant exposed and the grey weathered conditions — 
while any intermediate result would be formed by any intemuxture of the stimuli. 
In thia country we do not see tbe biilliant metallic pupae of V, w’ttccB, because 
in our moist climate the rock-surfaces become grey and weathered almost directly, and 
beoauae Tnan has offired such fadlities for pupation by the erection of wadis and 
houses, which adao quickly become grey or are built of some colour red bridt) 
which probably does not act as a stimulus. But so perfect is tbe proteotiou in the 
natural state that it is extremely rare to And tbe pupae of these most abundant 
insects anywhere except upon walls and houses, which, being plane surffices, do not 
oonoealtbe angular forms of the pupae. But tbe veiy shape which renders them 
conapiouous on these artiflcial mineral surroundings is eminently protective against 
almost any natural sur&oe of rock. Tbe BusoeptibiL'ty of tbe species remains, as 
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these experiments have shown, and the uniformity of pupal colour seen in England 
merely follows the uniformity of colour in the surfaces selected for pupation. 

It is probable that this protective resemblance to mineral surfeces is very ancient, 
g rid it most have been acquired in a dry country, where an exposed rock-smr&ce did 
not weather for a long time ; and it may even date from a period when many of our 
modem aggressive vegetal types had not arisen, and when the predominant green colour 
of the v^etal kingdom contributed less to the total appearance of land-surfaces. And 
the kind of food-plant may have assisted in causing the protective resemblance to 
surrounding rocks, for the common ancestor of all those Ehopalocera which have ^ded 
pupsB may have fed on low herbaceous plants, which might have withered in the 
hottest part of the year, and upon which any pupa which protectively resembled 
the green plant would be necessarily conspicuous. Certainly, oiu’ three commonest 
Vanessidse pass the pupal stage in the summer, and all feed upon nettle ; but it would 
pmbably need a far larger amount of knowledge of the life-histories of larv» than we 
possess to mekft such a comparison as would lead us to conclude as to the exact conditions 
imder which this specialised form of coloration originally arose. It is interesting, 
and confirmatory of the above explanation of the biological value of this appearance, 
to the way in which certain Vanessidse have adapted themselves to the 

gradual predominance of green in their surroundings. Vajiessa Jo has a green form 
which, it has been already shown, is commonly produced when pupation takes place 
among the leaves of its food-plant, and the amount of gilding upon this variety is not 
such as would attract attention, for it is not nearly so brilliantly lustrous as that 
described in V. uHicce ; and, furthermore, the truly gilded form of the healthy pupa has 
probably never been obtained, for no one has yet subjected it to gilt surroundings. 
Hence, when it is said that the green form is more golden than the other variety, it 
is merely compared with the grey pupa produced by dark mineral surroundings, in 
which there is hardly any gilding, or none at aU. Vanessa aiaUmta has no green 
form, and when it pupates on the food-plant it commonly attaches itself to the roof 
of a tent mndA by the larva, by spinning one or more leaves together. The late 
Mr. Edward Newman describes a most interesting point in this method of conceal- 
ment which is often (although I believe not always) adopted. He says ( British 
Butterflies,’ 1871, p. 68) : “ When fiill-fed it constructs a somewhat more elaborate 
retreat ; it gnaws through the petiole of a leaf, or eats the main stalk of the nettle 
within a few inches of the top, not quite separating it ; the part thus almost separated 
Ms over and completely withers, and this withered portion is formed into a compact 
retreat ; from the roof of this the caterpillar suspends itself by the anal claspeis, and 
in two days becomes a chrysalis.” 'Ihis is an exceedingly interesting fact : the pupa 
has no green form, but the larva arranges matters so that the dark pupa shall not be 
surrounded by living green, but by dark withered leaves, and even when it does not 
gain this a dd i tional colour-relation it is well concealed in the tent which the larva 
has nfiftdft. But V. aiaXanta very conomonly pupates on mineral surroundings after 
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having -wandered from the food-plant, and under these circumstances it makes no 
attempt at concealment, but hangs freely suspended against a background with which 
it harmonises in colour. The contrast between the larval habits when it selects 
vegetal or mineral surroundings for pupation suggests very strongly that its resem- 
blance to the latter is ancestral, while its somewhat laborious adaptation to the 
former has been far more recently acquired, V. uHioce, however, has no ^een form 
like V. lo, and has not the protective habit of 7. atalanta, and I find that in Nature 
it exhibits the strongest disinclination to pupate on the food-plant. In confinement 
this is also true if it be provided with a surface up which it can readily dimb, but the 
commonest cages are made of glass, which is ascended with difficulty and after foot- 
hold has been ensured by spinning a silken sui*face over the glass. In spite of this, 
the vast majority of larv® do ascend the glass sides, and become suspended from the 
roo£ I must also add that the late Mr. Ed-w^d Newman states of this larva 
('British Butterflies,’ p. 53) that it prefers for pupation the underside of a nettle-leaf 
to other situations which he describes as sometimes selected. I can only say of this 
statement that it is entirely contrary to my experience. It is possible that Mr. 
Newman’s opinion may have been partially or entirely derived from watching the 
larv® in confinement, j^mong the 13 series of larv® of this species, described above, 
it will be found that many were only the scanty remnants of companies, and in nearly 
all these cases I had previously seen the larv®, and knew that the companies were 
large. I made it a practice to leave the larv® on their food-plant as long as possible, in 
order to save the trouble of rearing them, and to ensure healthy pup®. In this way, 
by miscalculating the time at which they would become adult by some hours, I often 
came in tame to find only a few larv® remaining, all the others having wandered away 
in search of a sur&ce on which to pupate. Being very anxious for all the material I 
could get, I always searched the nettle-beds most carefully, and if any larv® had been 
suspended, or had pupated on the food-plant, they would almost certainly have been 
detected. But throughout the whole of the season I only found three pup® in this 
pn sit ion ,^ «m<^ no 8uq)ended larv®, although it would be easy to calculate the number 
of larv® which had pupated ; when I searched their food-plant there must have been 
very many hundreds. And the histoiy of these three pup® is important. 

(1.) Was found August 22, 1886, on the large nettle-bed near South Hinoksey, on 
which portions of two companies of larv® were found on the same day. The pupa 
was a very brilliaat (5), but the lustre was silvery rather than golden, and the pupa 
looked unhealthy About September 12 numbers of small Ichneumon flies emerged 
from the pupa case. Mr. E. A. Fitch kindly named the species for me ; it was 
Ptenmaiiis pvi^arum, a common parasite of the Yanessid®. 

(2.) Augrmt 31, another pupa was found on the same nettle-bed near South 
Hinoksey, but it was empty and perforated by the Ichneumon flies, which had already 
escaped. It had evidently been very golden and probably like the last. 
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(8.) The last pupa was found September 16 at Seaview (Isle of Wight) on a nettle- 
bed from which all the larvffi had disappeared, but upon which an evidently large com- 
pany had been. The pupa was an exceptionally golden (3), but nevertheless it was dark 
in the parts which were not golden. The pupa looked unhealthy and did not undergo 
development ; in the winter it had evidently been dead for a long time, and, breaking 
it in two, I found that it was completely filled with the larva of Ichneumon flies. 

Hence the only exceptions I was able to find are readily explicable : they were all 
diseased, and doubtless the process of pupation was hurried on by their abnormal 
condition. 

But, while it seems thus probable that the biological value of the gilded appearance 
was primarily due to its resemblance to glittering mineral surroundings, it is almost 
certain that in the course of time it has come to be used for other purposes. The 
most obvious of these is that it may act as a “ warning ” colour, indicating the 
possession of unpleasant qualities (taste or smell). But that this cannot be the 
original use is, I think, shown by the following considerations: — (1) The extreme 
specialisation of the means by which the colour is produced, and the fact that it is 
probably less effective than the crude combinations and startling contrasts of pigment 
colours upon which other warning colours depend; furthermore, belonging to such a 
very different type of colour, it does not follow the principle of a general resemblance 
between the various warning colours, which offers to insect-eating vertebrates as short 
and easy an educational career as possible. (2) The fret of the colour-relation itsdf, 
in which these gilded appearances have been shown to play a veiy important part. 
Now an adjustable colour-relation is the very highest and most complete means 
by which protective resemblance to surroundings can be produced, taking cognisance, 
as it does, of the inevitable differences between the surroundings of different 
individuals. But the object of a warning colour is to render its possessor as unlike its 
surroundings as possible, and hence it is something very essentially distinct from a 
colour which causes it to resemble its surroundings in the most perfect of all ways.* 

Nevertheless there is nothing to prevent the one from changing into the other in 
the course of time. And the present condition of any animal is such a compound 
phenomenon, made up of so many modified and unmodified habite and structmes 
connected with other older modes of life, interwoven with those which are especially 
related to its present needs, that it would not be surprising to find that a pupa 
which made use of the gilded appearance as a warning, in oi-der to render it con- 
spicuous, nevertheless retained something of the ancestral significance of the 
appearance in responding to some unusual stimulus caused by gilded surroundings. 
This suggestion is supported by the case of eschi’ia, alluded to btiow. 

• Since the ahove wae written I have teeted the golden pupae of F. nrfic® hy offering them to ineeot- 
eating «i.Tii-ma.la There is, evidently, nothing distaetefnl about them, for the most serupulons rf 
inseefreatera yet tested— a Marmoset— ate them readily one after the other. Thty were also freely 
eaten hy insectivorous Birds. The experiments strongly support the view that the gilded appemnnee is 
of protective significance. — Sept. 9, 1887. E. B.P. 

3 F 2 
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In order to test my suggestions as far as possible, I communicated with different 

naturalists in various parts of tbe world. 

Mr. Rolaed Tbimbn kindly sent me the following letter from the Cape : 

“ As regards gilded butterfly pupse, I am unfavourably placed here for observation 

of them. 

“ We have only P. cardui and Danais chrysippus at this end of the country. The 
former varies much in the amount of gilding on the back and wing-covers, but I think 
that the three rows of dorsal tubercles are always brightly gilded. This l^a does 
not seem particular as to site of suspension, apparently hanging itself indiscriminately 
to plants, walls, fences, etc. ; but I have found it more frequently on walls, especially 
under the coping. 

“The latter (JD. ohrydppua) has only a half-girdle (dorso-abdominal) of contiguous 
golden dots— set off by an immediately preceding black tubei-culated ridge— and eight 
scattered golden spots about the head and thorax. This pupa is either green or 
piniriabj and somstimps of a tint combining both those colours. It is usually 
suspended to its food-plant. 

“ ‘ I have not found the variable colouring of this pupa to accord with its immediate 
environment, though I have allowed the larvae in confinement free choice of various 
convenient surfaces for pupation, with the view of ascertaining whether there was 
any relation between the green or reddish tint and the oolouruag of adjacent objects. 
It seems not improbable that this brilliant pupa stands in no need of special 
protection, but, like the imago (and apparently the larva also), is avoided by insecti- 
vorous animals.’ — Extract from my forthcoming work, * South African Butterflies.’ 

“ Other Danaine pup® appear to be exceedingly brilliant. Thus Thwaitbs (Moobb b 
* Lepidoptera of Ceylon,’ p. 2) says : ‘ The suspended chrysalids ’ (of the Danain®) ‘ are 
brilliantly metallic in colouring’; and Boisduval (‘Faune Ent. de Madag., etc., 
pp. 36, 37) dftscrihea thus the pupa of JEuplcea goudotii : ‘ La chrysalide ressemble k 
bulle d’or extr^mement brillante ’ ; and thus that of Darutis phcBdone : * La 
chrysalide est . . . d’un vert dord briUant.’ 

“ I should indine to the view that in this protected (distasteful) group of the Danaiii® 
the conspicuously brilliant colouring of the pup© is a warning signal of *Not fit to eat 1’ 
“ Is it possible that the gilding in pup® of other (not distasteful) Butterflies may 
originally have been acquired as protective mimicry of the brilliant Danaine ones ? 

“ The only other South-Afiricon gilded Butterfly pup® that I know of are those of 
the genus Atdla (nearly allied to Argynnii). In these two species (which I only know 
1^ drawings and descriptions) the ^ding (which in one is raiiier sihery than golden) 
is confined to spots on head and thorax, narrow borders of wing-covers, and dorso- 
abdominal raised spots bearing either pointed tubercles or thin spines. I have no 
information aa to the objects to which these pup® are usually attached. 

“ The pup® of the Aaraain® (which, as you know, are a protected group of Butter- 
flies), though (as frr as I know) never gilded, are yet exceedingly conspicuous, their 
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ground-colour being ■wbite or yellowisb, veined or streaked with blacsk, and marked 
abdominally with bold orange-and-black spots, orange tubercles, or even [Planemn 
aganice) long pink jSlaments I 

“ Very splendid gilding (evanescent after death) occurs in some of the Tortoise- 
beetles (Cassididae). In these insects — almost circular in outliue, flat abdominally, 
convex superiorly, with subdiaphanous extended margin — which rest exposed on 
leaves, there certainly is much resemblance to glittering dew-drops.” 

The evidence that P. cardui seems to prefer naineral surroimdings is flivourable. 
The Danainse are evidently the group of pup® which make use of this appearance as 
a warning, but, for the reasons given above, 1 think it is more probable that the 
protective colouring is ancestral, and its use as a warning is secondary, rather than 
that the development of the appearance took place in the reverse order. The feet 
that Mr. Mansel Weale proved the existence of colour susceptibility in the pupa of 
Acresa esebria — one of a group protected by the possession of an unpleasant taste — 
greatly supports the suggestion that the conspicuous warning appearance has been 
secondarily acquired. 

It is very probable that, the gilded appearance having been once acquired, and dosdy 
resembling a very widespread and conspicuous mineral, the continued use of a small 
proportion of the colouring might be protective when the insect no longer pupated 
on mineral surfaces, because of the fact that the appearance does suggest the common 
TwinAralj whatever the position of the insect may be, and because of the resemblance 
to the glittering of dew upon leaves, as Mr. Tjeumbn suggests. Thus the amount of 
^ding present upon the green form of V. To may, perhaps, have this protective value. 
Dr. Fbitz Mttt.t.tbr kindly wrote to me on the subject from Braaal as follows : 

<« irn.Tin ioh Ihueu tlber goldige oder mit goldenen Hecken gezierte Puppen 

nur sehr wenig sagen ; nur zwei derselben habe ich im Freien angetroffen : die von 
Mechanics lysimnia und die von Danms enppis. Beide gehoren zu der ungeniess- 
baren Gruppe der Danainen, und ea ist der Goldglanz wohl ein Wamungazeichen. 
Die Baupe von Jifechanitis lysimnich lebt an mehreren stachligen SbZanMm-arten in 
kleinen GeseUschafben, und an der TJnterseite der Blatter der Futterpflanze hdngen 
sich die Puppen auf ; es gibt nichts Prachtigeres als diese ganz und gar im schonsten 
Metailglanze strahlenden, nioht selten zu 10, 12, oder mehr beiaammenhtagenden 
Puppen. Die Baupe von Datnais snppus lebt an Asclepios curassavicct; die Puppe 
habe ich nie an der Futterpflanze gesehen, dag^n oft an Bretterzaunen u. dgl. 
au%ehangt. Die Puppe ist grUn und nur mit eonigen goldenen Punkten geriert, von 
denen ainA quere Beihekleiner lebhaft glAnzender W&rzchen am meisten indie Augen 
faUt. 

“ Andere Puppen mit Metallschimmer, der aher nie zu so hellem Goldglanz wird wie 
bei Mechanitis, habe ich nur in der Gefangenschaft gesehen, z. B., von verschiedenen 
AdeVpha-Bxtsn. Ich glaube, dass hier der Metallglanz nioht als Waimmg vor 
Ungeniessbarkeit, sondem als Schutz dient, weiss aber nioht in welcher Weise. Da 
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in unserem Unvalde Gestein nirgends za Tage tritt, ist bei diesen grossentheils an 
Urwaldsbaumen lebenden Aiten wohl kanin an Aehnlichkeit mit mineiuliadhen 
Subatanzen zu denken. AUe Puppen, die icb im Preien an Pflanzen zwiscben Laub 
geftinden babe (z. B., Jlorjjho, Caligo, Prepona, Siderone, Catanephde), sind grlin, 
mit Ausnahme von Acraa (ungenie&sbar), deren Puppen weiss sind, mit schwarzen 

Domen. u- -n 

'■* jjit dem Bedauern, dass icb liber Ihre Ansiobten in Betreff der goldigen Puppen, 

die niir sebr annebmbar scheinen, so gut nde nicbts aus eigener Erfahrung sagen 
kann, &c.’ ’ 

The use of the gilded appearance as a vrarning in Meehanitis seems to be very 
clear, and the fact that the pup® hang in companies must of course greatly add to 
the effect, and this is probably the meaning of the habit (so common, for this re^n, 
among many distasteful and conspicuous larvae). It seems probable that the gdded 
spots of Adelpha are instances of persistence with protective value among changed 
surroundings and withdrawal from the substance originally mutated. Prom Di. 
MtLXER’s letter it is (^uite dear that the resemblance to mineral substances cannot be 
of any protective importance in the Brazilian forests, but it does not therefore follow 
that such surroundings would not intensify the appearance even now. Thus 
F. urticcB in England has been shown to be rmidered very brilliant by ^t surround- 
iug[s, although in nature it can rarely receive such a stimulus, and. the amount of 
gilding on it is very small or entirely absent. It is satisfactory that Dr. Muller 
should consider my suggestion a probable one as to the biolo^cal significanoe of the 
gilded appearance. 

My friend and pupil, Mr. K A. Minchin, who has collected insects and observed 
very keenly in India for many years, informs me that the pupa of Euplaa core is 
exceedingly conspicuous, being covered with a brilliant metallic silvery appearance, and 
hanpng foom its food-plant in such a manner that it can be seen at a great distance. 
As batterffy is ezce^ingly common, and is known to be protected by disagreeable 
properties, it is almost certain that the metallic appearance of the pupa acts as a 
warning. This, however, was the only instance of the use of this colour for such a 
purpose which bad come under the observation of Mr. MlKCHiN. 

^ conclusion, the balance of evidence given by experiment and observation is, I 
think, in favour of the view that the metallic appearance was originally of protective 
value from its resemblance to glittering minerals ; that it has preserved its original 
significance amid diange of surroundings ; while in other coses it has come to be used 
for an entirely different purpose to rendw distasteful forms conspicuous. 

Experiments upon Papilio machaon. 

I reoetved 11 akooet mature hrvm from Mr. W. H. Habwood, of Colchester, on 
August 24, 1886. The fbHoviug expeadments were made. The eight largest larvse 
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■were selected August 24, and divided into two lots of four each, so that the sizes of 
the larvae in the two lots were as equal as possible. Each lot was place»l in a clear 
glaag cylinder (of about 8 centimetres in internal diameter and I'S decimetre in 
height) with a roof and floor of brown paper. The food-plant (fennel) was confined 
to the lowest part of the cylinder and was very small in amo'unt, and it was remov^ 
directly the larvre ceased feeding, while the rest of the cylinder was completely tilled 
with dead and brown twigs of a coniferous shrub and the dry brown stems of 
Acouitnm uapellus with the brown seed-vessels adherent. 

The four larvae in one cylinder were carefully blinded August 24, a pn'cess which 
could be very effectually carried out in this species, for the larvae are very quiet, and, 
furthermore, all the ocdli are placed upon a distinct black patch ; and when the latter 
is covered with an opaque varnish the ocelli must be also covered. On August 25 the 
larvae were painted with varnish a second time, and on the 26th a third time. Tlie 
other larvae remained normal 

August 26, 9.20-p.m. One of the blinded larvae had changed into a green pupa on 
the brown floor, but in close proximity to the green leaves of the food-plant, and one 
of the normal larv® had also changed into a green pupa, which was fixed to one of 
the brown coniferous twigs ; but here also the green food-plant was just beneath. The 
food-plant was then removed from both cylinders, as the larv® had become full-fed. 

In each cylinder four green pup® were obtained, fixed to the brown stems or roof, 
or lying free on the floor. (One of these is figured in Plate 26, fig. 14.) These results 
surprised me very much, as I knew that there was a well-marked brown variety of 
the pupa not uncommon in this species. 

Of the remaining larv® two were placed (August 25) in a smallen glass cylinder 
(about 6 centimetres in internal diameter and 1 decimetre in height) covered with a 
single layer of green tissue-paper, and ■with a roof and floor of the same material, and 
■with abundant food-plant. 

The last larva was placed under exactly similar conditions, but was hlinde«l (renewed 
as above). 

This last larva and one of the former died, hut the remaining larva pupated upon 
the green food-plant, and to my great surprise it produced « diMinct hvwn mriety. 
(This pupa is represented in fig. 15, Plate 26.) At first sight these results ap^r to 
be extremely startling, especially when it is considered that the experiments in this 
paper were directed towards the investigation of an a^ustahle imitative resemblance 
which, when present, forms the highest culmination of this method of protection. But, 
in the first place, it was probable that the green cylinder was more shaded than the 
otiher, and hence the production of the brown form might be accounted for, the 
species being simply susceptible to comparative darkness or illumination, and pro- 
ducing its corrraponding dark or light variety in obedience to the respective stimuli , 
although the experiments showed that the ocelli have nothing to do with the susc^ 
tibiiity. Furthermore, the eight green pup® were produced from the largest and 
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liealthiesfc larv®, whUe the remaining three were small, and of these only one lived to 
pupate. Hence an unhealthy condition, or even a stunted size, might become 
secondarily associated with one of tiie two varieties of a dimorphic species a^r the 
power of being influenced by the surroundings had been lost. Nevertheless, it is not 
necessary for the growth of some such association that the loss of susceptibility should 
have place, for it has already been shown that the gilded appearance and cor- 
ref-ponding absence of pigment colours are associated with the presence of parasites in 
the pup® of the Vanessid®. It is clear from my experiments, and the previously 
quoted experience of othei-s, that the susceptibility to corresponding colour influences 
has been lost in P, machaon, and Dr. Fsrrz Muli^br shows that it has also been lost 
in P. iwlydamm. On the other hand, the striking observations of Mrs. Barber upon 
P, Hireits, and of Mr. Trevien upon P. demoleus, prove conclusively that these species 
are highly susceptible to the influence of certain colours ; and when it is remembered 
that both of the former non-sensitive species are dimorphic, and furthermore present 
in case the two varieties, green £ind brown, which harmonise best with their 
surroundings, it appears probable that such dimorphism is the remnant of a former 
susceptibility which has, at any rate to a great extent, disappeared. Future experi- 
ments must finally decide whether the relative amounts of illumination produce any 
effect npon P. machaon, as Mr. BLaLRWOon believes, or whether either form of pupa 
exhibits a more or less constant relation to a healthy or unhealthy condition, or finally, 
whether the formation of either variety is the spontaneous result of individtml 
variability. 

Pxpenments upon Pieris hrassic® and P. rap®. 

Having read of Mr. T. W. Wood’s observations, and those of other naturalists, I 
was extremely anxious to obtain the larv® of these bpedes to investigate in the 
fttunwAi* already described under V. urticce, &c. I could only obtain single specimens 
in Oxford, and I thought that the experiments would have to be delayed for another 
season. However, just when the experiments on V. urtiocB came to an end, on 
September 8, 1 went to Seaview, in the Isle of Wight, and there found the kitchen 
ga^ens ravaged by the larv® of P. brassica, while those of P. rapes were very 
abundant on mignonette. Accordingly, I made the experiments described below, and, 
although they were not as accurately or minutely conducted as those on F. urticoB, they 
ytdd some valuable results, and entirdy confirm the previously adopted conclusion 
that the colour-effects axe due to larval and not to pupal sensitiveness. Being away 
from my lahoxatozy, and not expecting such an opportunity, it was, of course, impossible 
to cany out the experiments in the meet satisfactory manner. Ihe results obtained 
with the two {q>eoies are described together, because they were, in nearly all cases, 
kept under eimilar conditions and were, in &ot, often placed in the same cylinders. 
Foitkermore, the nsnlta were remarkably nnifonn. When no locality is mentioned 
in any erqpariment it ia undeistood that the induded larv® were captured at Seaview. 
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Both species axe peculiarly adapted for experiments of this kind because of their qmet 
disposition and the great length of the period preparatoiy to pupation. 

Before describing and classifying the restilts of the experiments upon the Jarvse of 
P. 'brassica}, it is necessary to construct a standard of the various degrees of colour 
assumed by the pnpm. In making such a list, it is necessary to take account of tvro 
features, each of which varies — the ground-colour, and the pigment patches and spots 
which are visible to the naked eye. Seven of the principal varieties are figured in 
Plate 26, figs. 24 — 30, all x 2. 

(1) The normal form. In these pupae the ground-colour is always more or less 
greyish from the abundance and relative size of minute black pigment spots t\hich 
occupy depressions in the cutide. They can often be distinguished with the naked eye 
on close and careful inspection ; but their general effect is to produce the greyish 
appearance. The large black pigment patches and spots are nearly always abundant, 
n.nd when the ground-colour is darkest the former also contribute towards a dark 
appearance by their especial size and nxnnber. The ground-colour naay be of various 
rinfa —greyish-green, orange, yellow, or a peculiarly opaque-looking greyish-white. The 
amount of the grey colour always present subdues the differences between these tints, 
so that they resemble each other far more than the above description would seem to 
imply. The wing^ and under-side are always lighter than the rest of the surface, 
especially as regards the ground-colour, for the pigment patches are often very pro- 
nounced in these parts of the pupa. The following subdivisions are well marked, 
although transitional varieties occur : — 

(a) The darkest forms with greyish-green, orange, yellow, or white ground-colour. 

(j8) Intermediate forms, with lighter ground-colour of the same tints, and smaller 
and fewer pigment patchea 

(y) The lightest of these forms, with ground-colour still greyish, but the pigment 
patches very small relatively to (a) or {^). 

(2) The last subdivision passes into this variety, in which the ground-colour is 
an opaque-looking whitish-yellow, often with greenish areas on part of the surface, 
the pigment patches being very smalL The greyish hue is lost because of the minute 
ai8!A of the dots in the ground-colour. Hence the effect is very light. The wings 
and under-side are lightest, and not so opaque as the dorsal and lateral surfaces , the 
pigment spots in these parts are smalL 

(3) A stiU more abnormal, very well-marked, variety, possesses a deep transparent- 
looking bluish-green ground-colour, in which the nunute dots and the large patches 
are even less developed than in the last degree. An opaque whitish-yellow band, 
like the ground-colour in (2), occupies the anterior haJi' of that put of the third 
n.bdnttiTTift.1 segment which is seen dorsally, and extends on to the posterior part of the 
segment in front ; the dorsal surfeces of the abdominal segments behind the third 
are often mottled with the same colour. The median dorsal ridge is strn^ly marked 
in orange,. interrupted in the abdominal r^on by opaque greenisb-wbite, and tbe 
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supra-spiraeular ridge and line are of ibis latter colotir. The wmga and imder-side are 
pale transparent yeUoTrish-whitej 'with ■very small pigment patches. 

The differfflices between the ground-colours of (1), (2), and (3) are very wdl- 
whereas the predominant grey often masks the differences between the ground- 
colours of (a), (fi), and (y). 

It is similarly necessary to construct a standard of the colours met with in 
P. rajKB. The colours of 10 of the chief varieties are figured in Plate 26, 

figa 82-41, X 2, and in fig. 31, natural size. 

(1) The darkest forms are plentifully dusted with minute black dots, producing a 
very dark grey appearance. There is very much pigment on "the wings, and black 
patches are especially developed on the dorsal and sub-dorsal ridges or lines, and upon 
the rostrum. The ground-colour is hardly recognisable apart from the grey dustmg, 
but can be seen clearly in certain parts of some pupa, and is then usually of a faint 
piTtWiBh or dull yellowish tint, or some mixtinre of these colours. 

(2) Much less dark, due to the reduction in the amount of the minute dots and 
the Mqfik patches, which occur in 'the positions described above. Nevertheless, these 
pupse axe, as a rule, of darkish-gr^ appearance. The gro'und-colo'ur is often more 
clearly recognisable and is generally of the same tints as above, but the differences 
between the various tints are not generally well-marked uu'lal (4) is reached. 

(3) Still lighter, but with sufficient of the grey dusting 'to obscure the tint of 'the 
ground-colour and to produce a grey or light-grey appearance. The black patchy 
still occur in the same positions, but they are sm^er ; the same ground-colours are 
recognisable. 

(4) Very light, with little or almost none of the grey dusting, so that the ground- 
colour is predoiminant in producing the general appearance. The black spots and 
patches axe very slightly devdoped, and sometimes en'tirely absent, except fox a few 
Mtmlp pomfcs OB the mde of the rostrum, which is the last position in which traces 
of the pi gmanf. patches are retained. It is, however, common to fibad a slight, but 
distinet, epecklmg due to minute black points, but not sufficiently numerous to com- 
bine 'with the lighter ground-tint and pr^uce a grey result. The ground-colours are 
much more distinct, as they are not dimmed, and ate generally pinkish, yellowish, or 
faint greenish, or some combination of these. The lat'ter colour is transitional into 
the brighter tints of the next degree. 

(5} In oextain pupsa the green ground-colour is sufficiently distinct 'to warrant their 
fthmmfintt tion as a sepaxate degree. All varieties of colour are met with, frrom the faint, 
scaxody pex(s^tible>, yellowieh-green tinge of certain pupae in the last degree to the 
more ffistinot and bright yellow greens arranged under this head, and finally up to a 
magoiScNit traniqiaxent emerald-green, which forms the culmination of 'the develop- 
ment of this tint as a groTmd-oolour. There are also dull greens, and sometimes these 
pupas are dusted with grey ipots and have the black markings developed to a 
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considerable extent (snch, a pnpa is figured Plate 26, fig. 31, natural size), but, as a 
rule, these pupss are the lightest of all m both these respects. The lens, ho\reTer, 
shows the existence of minute dots in all cases, although in the more extreme forms 
very few minute points can be detected by the naked eye, and there is no trace of the 
black markings even upon the rostrum. It is very common in the extreme forms of 
tbia degree, and in the lightest of the last degree, for the median and lateral ridges 
and the extremities of the body to be of a distinct pink tinge. 


Series 1. — Labv.® subjected to Various Colours. 

I. Black. 


A. 


On September 13, 10 mature larvae of P. hrcmiccB and four of P. rapa were 
placed in a cylinder 7 centimetres in internal . diameter and 18 centimetres in 
height, lined entirely with thick blackened paper, and with a roof and floor of the 
an.TWfl Tnivt.ATifl.1. Thus the glaas was entirely concealed, and the larva were everywhere 
surrounded by a black background, while light was almost completely excluded. 
In the following Tables the larvae of Pieris hrassiccB are indicated by the letters P. B., 
ft-nd those of Pieris rapes by P. B. Periodical inspection gave the following data for 
estimating the length of the period preparatory to pupation, Ac. : — 


Sept. 13, 9.80 X.X. 
„ 15, evening 

„ 16, 6.16 AM. 

„ 17, 7.80 p.m. 
„ 18, 7.60 P.M. 

„ 19, 8.47 P.M. 


Experiment began. 

2 larvte, P. B., girdled 

1 P. B. pupated, and 2 girdled ; 1 P. B. 
girdle 

2 P. B. pupated, and 1 P. E. ; 7 P. B. 
^rdled 

6 P. B. and 1 P. R. pupated; 8 P. B 

and 1 P. B. girdled I 

1 

7 P. B. and 2 P. R. pupated. I 


m. at least 20-^30 bonia m 
these cases. 

About 70 hours for the whole prepara- 
tory period of the 1 pupated. 

Between 90 and lUO hours for the 

u hole period of the 3 pupated. ^ I 

Over 100 hours for the whole period of i 
some of theee ; others may not have t 
begun Stage I. directly they were 
put in the cylinder. 


Besults.— Except when it is otherwise stated, the pup® were all compared together 
on January 23-26, 1887, and, as nearly the whole of them were thns placed together, 
the results are very trustworthy. 

Eght pup® of P. brassico} were ahve when the comparison took place. 


6 were jBurly crowded on the roof ; of these. • 


3 were scatterod over the mde, towards the 
upper part, hut not orowded . . . . ■ 


2 were (1), the ground-colour almost entirely grey . 

S » (1). A 1 *• jeDowish-green tinge, and 

2 faiintly orange. 

Iwas (1), a, with a faint orange tinge. 

2 were (1), A both greenish. 

3 a 2 
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4 living pupae of P. rajpCB were similarly compared. 


I -was \ritli the groap of 5 P. hramem described 
above^ and it was a 

3 were scattered orer the side with the 3 P. 
hraasiccB^ and of these 


light (3), with a yellowish-grey ground-oolonr and a 
rather small amonnt of gr^ dusting. 

2 were (3), typicsJ, and of the usual bght-grey colour 
caused by the abundant sprinkling of 
minute dots over the light ground-colour, 
which is apparently very x)ale pinkish in 
this case, but very hard to determine. 

1 was (4), with very little pigment and a dim yellowish 
crrotind-coloUT. 


The effect of the dark surroundings is thus much more manifest in the pupae of 
P. hmssiccB than in P. rapes ; nevertheless, the latter are very different from those 
produced in -yrhite surroundings. It is very strange that the results of a deep black 
surface exposed to daylight should be darker than those produced by the same 
surface in and yet ibis appears to be the case, for the pupal colours on the 

tarred are much darker than those described above. At the same time, the 

pupsB on the fence weio generally shaded in cracks and comers, and the fence itself 
•vpas in a shady lane, hut the amount of light must have been in all cases far larger 
fTinn in the cylinder. Such results are the reverse of those obtained in the case of 
FanesMZ uHicce. 

B. 

September 11, at 7.30 p.m., 10 nearly mature laxvse of P. rapes, found on migno- 
nette at Seaview, were placed in a cylinder (6‘7 centimetres in internal diameter and 
2*24 decimetres in height) lined for rather more than half of its internal circumference 
with opaque blackened paper, and 'vrith a roof and floor of the same material. Some 
of the food-plant was also induded. No notes were taken as to the times of 
pupation, ko. 

Pesalts . — 10 pupe were obtained, of which — 

5 'trere os the black roof, and of these. ... 1 iras (2), a litOe lighter than nssal ; TellowiBh-pink. 

4 were (3)» 1 considerably ligliter ihan normal and 
greenish. ; 3 normal and prnirisli. 

4 were cm ike clear side of ike cylinder, but so 
kigknp tkat they came against the infleerted 

edgeof the roof, ud of these • . . « . S „ (1), not very black for this stage ; 1 distinctly 

pinHsk, the others chiefly grey. 

1 was (3)> rather lighter than noirmal, and yellowish- 
pink groond-colonr. 

1 was fixed on to ihe beekgionnd near to the 
rooil^ and it was a 


(1), typical pinld^ ground-colour as far as it 
could be seen. 
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These pupae are decidedly darker than those of the preceding subdivision, and yet 
they ■were freely exposed to light : on the other hand, they are less dark than the 
wild larvae found on the tarred fences, which, although shaded (in my own obser- 
vations), "were probably in a stronger light than that to which the pupJB of this 
subdivision were exposed. These results seem to show that, at any rate in P. I’opae, 
the stronger illumination of a black surface tends towards the production of stronger 
effects, just as -would be the case with a white or green &m‘£ice, while the dii*ect 
white light ffllling on the larval surface produces no antagonistic effects. 

C. 

September 15. I'our pupse were found at this date upon a black tarred fence in a 
shad^ at Seaview, and they were compared ■with the other pupse examined 
on this date. All were (1), very dark ; two pinkish, and two so dark that the ground- 
colour could hardly be made out, but pi-obably yellowish. These results ai-e veiy 
uniform, and show the influence to have been very strong. It has already been 
mentioned that the pupse were in most cases concealed in angles and comers, &c., 
and this was also trae of the succeeding pupse. 


D. 


October 5. — Three pupse of P. rapes were found October 5 on a black tarred fence 
in a shaded lane at Seaview. All were (1) ; one very black, one normal, and one 
rather light for this degree and distinctly pinkish : the others being very dark grey, so 
that the ground-colour was almost entirely concealed, but apparently pinkish in one 
pupa and yellcwish-pink in the other. These results are very uniform and highly 


protective. 


E. 


Mr. W. H. Harwood kindly sent me 11 pupae of P. raptr found upon tarred 
palings, and all of these were (1); fire extremely black, two normal, and one very 
grey rather thaTi black; three dead, but apparently very dark as far as could be 
ascertained from the large amount of pigment on the pupal wings. The ground- 
colomr seemed to be pinkish in all oases. These results are exceedingly uniform, and 
show the -very strong effect of the black surface. 

In concluding the effects of black, it ■will he of interest to give a tabular analysis of 
the effects of this hackgroimd, in various degrees of iUumination, upon P. rapa: 


Degrees of eolonr. 


Darlc(l) 


( 1 ) 


^ 2 ) 


{») 






I L, A. Block ’backg^nnd in darkoess . . . 
, B. « somewhat shaded . 




lessdiaded . . | 

prohahlyless shaded 


4 

1 

0 


4 

*2 

6 


3 

3 
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This analysis seems to prove almost conclxtsively that the stronger illumination 
increases the influence of the black surface upon the larvae. At the same time, it must 
he remembered that A, and B. were larvm which had been kept for some time in the 
cylinders, whereas C., D., and E. had been under more normal conditions, as the 
pupae were found wild. 

The relation of the effect of black surfiices to those of other colours will be shown 
later in am analysis of the colours of all pupae which had been exposed to such 
surroundings during the whole of the preparatory period, 

n. White. 

A, In almost complete darkness. 

On September 9 a large number of mature larv® of JP. Tyrassica and a few 
of jP, rapes were placed in a light-blue cardboard box, of which the internal 
surfice was white. (The length was 3 decimetres, width 1*1 decimetre, and the 
depth 77 centimetres.) The cardboard was thick and opaque, so that light could 
oidy enter to a slight extent between the lid and the box, and perhaps at the angles. 
Tho larvae were thus exposed to a white surfeoe in almost complete darkness. No 
notes wexe taken as to the times of pupation, &c. 

desalts . — ^When the comparison took place there were 41 living pup® of P. brassicas, 
and, of these, 20 were fixed to the roof, being greatly crowded in an irregular group 
1 decimetre long and 7 centimetres in its greatest width. 

Of the^e 20 pnpw 4 were (1), o, very ditrk indeed ; 8 being very 

family orange, and 1 alzooBt entirely 
grey, but slightly greenish. 

14 „ (1), ft 5 being faintly orange, and the others 

more or less yeUowiah-green, but 
the gr^ tmis predominaat iu all. 

2 (1)» 7> the ground-colour yellowish-green, 

mottled with deeper green. Black 
patohes small. 

S pttpffi were fixed to the roof dose 
together, but at a distance from 

those described above 1 was (1), ft Mutly oraiige. 

1 „ (1), 7, distinctly greenish and less grey than 

usual; the black patches rather 
more developed than usual. 

1 pupa was isolated on the zoo^ and was (1), 7, yellowish, mottled with greenish ; 

lypioal. 

3 pape had been previoiutly taken off 
&e TOQ(£|Orliad fidlen off it; position 

unknown 2 were (1), ft pale greyiah-orange ground-colour; 

lof them with a rather deeper tint, 
and mottled with greenish. 

1 was (1), 7, greyish*green ; typical black patches. 
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15 papes were crowded on one end of the box and on the adjacent part of one aide, bnt not at a 
greater distance than 4 cenbmetres from the end. None were close to the bottom of the 
box, bnt nearly all were crowded along the top of the end and side 

Of the 16 pnpsB, 2 were ( 1 ), a, reiy dark ; 1 faintly orange, the other greenish-yellow. 

13 „ (1), /3, 5 greenish, 2 veiy pale ochreons. 2 yellowish, 2 faintly 

orange, 2 yellowish-green. All except the first fire 
were rather light for this degree, both as to the amount 
of gr^ dnbting and the large black patches, bnt they 
were not light enough for ( 1 ^, 7 . 

There were only two pupae of P. rapes, of which one was in the group of 20 
P. bixuisiccB described above, and it was a (4). with very little pigment and a pale- 
yellowish ground-colour. The other pupa was isolated in one of the comers where 
two of the sides met, opposite to the end where the 15 pupae of P. hraxsicot were 
crowded. It was (2), typical, with the ground-colour almost entirely grey, but 
apparently faintly yellowish also. Hence it is dear that the w’hite surroundings had 
produced very little effect upon the larva, which, indeed, was to be expected, con- 
sidering the almost complete darkness. There is no doubt, however, that the pupa of 
P. hrassioce are not as dark as those formed in the dark (I., A.) upon a black surface, 
and hence some effect seems to have been caused by the exceedingly feeble amoimt 
of light which penetrated. The two pupa of P. mpa ditfei-ed widely, one being 
the form commonly occurring on white or light surfaces, the other much darker. 

B. Very strongly illuminated. 

September 11, 9.30 p.m.— Many larva of P rapai were placed in a (^boad 
box: (2'1 decimetres in length, 1*22 decimetre in width, and 8’5 centimetres in depth) 
which was lined with white glazed paper, and with a dear glass front, directed, as in 
the other cases, towards a strong light and close to a north-east window. Xh.e larva, 
some of which were apparently mature, had been found upon mignonette at Seaview, 
and some of this food-plant was also included. No notes were taken as to the times 
of pupation. 

Results . — 19 living pupa were obtained in tins experiment, and of these— 

3 -were fixed to the glass front, near together, 

and near to the white sides of the box ; . - r* 

and of these 2 were (4), Tery little pigment, 1 with a pale-pinfasb, 

the other a yellowibh-piiih ground-colour. 
1 was ( 5 ), almost no pigment; a pale, but bright, 
yellowiBh-greengroiind-colonr; the ridges 
and extremities of the body pale pink, as 
is common in green varieties. 
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13 pups Trere tliickly crow ded along the angles 

Ttllt<^fl by the roof and adjacent parts of the 

two bides with the hack, and of these . . 2 were (8), very light for this degree, 1 pinkish and the 

other yoUowisli 

10 „ (4), very little pigment on all but 1, and this 

1 but little more than normal ; 4 pinkish, 
4 yellowish-pink, and 2 yellowi&h-white. 

1 was (o), very little pigment ; pale, but distinct, 
yellowish-green groand-colonr, with pink 
tips and ndges. 

3 pup® were isolated on the roof, aides, &c ; 

of these -2 were (4), both pinkish: 1 typical, 1 with very little 

pigment. 

1 was (5), little more pigment than nsnal; very pale 
yeUowish-green gronnd-oolour. 


The strong effect of the white back-ground in producing light-coloured pupae is well 
seen in' the above descriptions. It is noteworthy that the degree of colour represented 
by (4) harmonises far better with this background than that represented by (6). 
Hence the (5) were of a very pale-greenibh colour, and not conspicuous as well-marked 
green varieties would have been. Furthermore, the (4) were in nearly all cases very 
defident in pigment, so that in this respect they were quite equal to normal (5). 


C. Sti'oy^fly illuminated, hut not equal to B. 

A few larvae of P. rapa were made use of in some experiments to test, by blinding, 
whether the influence of surrounding colours acts through the ocelli. Two glass 
cylinders of equal size (8*2 centimetres in internal diameter and 1*81 decimetre in 
height) were covered externally with a single layer of white tissue-paper, and with a 
roof of white glazed paper, and a floor of ordinary white paper. The cylinders were 
placed in a &lrly strong light, several feet from a north-east window. The experiment 
was conducted as follows ; — 


Dum. 


c. BHpd e d* 


I 

j5. ISTonnaL ’ 


I 


Sept* 17, 10 P.M. • Experiment began 

18, 8,40 F,ic« 1 larva, which bad been found in 
Stage I. or IL on a plain wood fence at 
Bembri^;e, was girmed ; another, still 
^ fiNNitng, having been fonnd on migno* 
nette at Seariew 

„ 19, 9,5 . I No farther change 


Experiment began. 

2 larv® had both gone np the side and 
were sitting motionless ; food removed; 
they had fbond on mignonette at 
Seaview, Another, added at this tune, 
&nnd in Stage IL under the cement 
coping of a gate pillar at Spring Vale. 

2 larva mentioned above were gtrdled. 


No flarther notes were takmi, but all five larrae produced living piipse. 




LEPIDOPTEEOUS PUP^ JlXD THEIR SURROCXDIXG SURFACE?. 


417 


Results. — (a) Of the two pxipae, one was fixed to the roof and the other horizontally 
to the side just below : both were (3), but light for this degree : one dl'-tinctly pinkish, 
imd one faintly yellowish-green, the latter veiy* small and dwarfed. 

(j8) Of the three pupae, one was fixed to the roof, one aljout halfway up the side, 
and one near the bottom of the side ; aU were (4), one faintly pinkish, one yellowish 
and dark, intermediate between this degree and (3), and one yellowish and much 
dwarfed. The pigment patches and dots were normal in two of the pupm. 

Although the two blinded larvae produced rather darker pupae, the differences were 
very slight indeed, and are quite insufficient to support the conclusion that the oceBi 
represent the part of the larva which is sensitive to these influences. The larvae 
remain quiet when blinded, like those of P. muchuon, and are very well suited for 
this method of investigatiou. The effects of white sun’ouudings are shown in the 
pupal colours. 


D. Strongly illv minoted, hut not equril to B. 

A little later another similar experiment was made, the ^me cylinders being used. 
Four larvae found on mignonette were placed in one cylinder, and three blinded larv®, 
iilgn foimd on mignonette, were placed in the other. No notes were taken as to 
suspension, &c. Seven pupae were obtained. 

Results . — Of the four pupae which were produced from the normal larvae — 

1 wus fixed to the roof, and was a .... (4), noimal, brownish-pink gronnd-colonr. 

3 wew £xed horizontally to the side just 

beneath the roof, and of these . . 2 were (4), noimal, both veiy faintly pinkish. 

1 w'as (5), of a pale dull green and more grey than nsnal, 
and more of the pigment patches, so that,aa 
far as pigment is concerned, it uould have 
been, a somewhat dark (4). 


Of the three pupae which were produced from the blinded larvae 


1 Tstis fixed to the ixiof , and was a 

1 was fixed horizontally to the side, just beneath 
the roof, and 'was a 


1 TTas fixed horizontally about halfway down the 
side, and it was a 


(4), yellowish, with rather more of the pigment 
patches than usual ; grey dusting uormaL 

(4), very pale yellowish-pink, with an almost complete 
absence of pgment except upon the rostrum ; 
so also very little grey dusting. Altogether, 
considerably lighter than normal. 

(3), with a distinct duH-greenish ground-colour ; it 
much resembled the (^5) of the normal pupee, 
only the grey dusting predomiuated, so that the 
green was largely concealed. Dusting normal 
fcHP (3), black patches rather less than usual. 

3 H 


MDCCC'LXXXni. 
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These re:»ults negative the view that the ocelli represent the sensitive organs sought 
for, for the two sets of pupss were, on the whole, as equal as possible. The latter set 
of three pupse induded one lighter than any of the other set, and two somewhat 
darker; but the differences were slight in all cases. The larval heads remained in 
proximity to their respective pupse, so that the success of the blinding could be tested 
afterwards, and the varnish, when examined with a lens, appeared to completely cover 
the ocelli and the surrounding area. 

The light pupse produced by the white surfaces are well seen in the 12 pupse of 
these experiments. 

It will now be interesting to give a tabular analysis of these results, showing the 
effects of white surfaces vrith different degrees of illumination in the case of P . rap®. 


D^recB of eoloar 

U) 

(2) 

1 

Dark 
(J) 1 

(3) 

Light 

(8) 

DarkI 

(4) 

Light i 
14) 1 

Fale 

(6) 

Deep 

(5) 


n., A, White surface in almost 
complete darkness 
„ 0 VWhite SQrface in strong f 
„ D.} illaminatiou ( 

j „ B* Wliite surface in yery 
strong lUnmination 

! ■■ 

• e 

1 •• 

1 

1 

1 

« • 

• • 

. . ^ . . 

1 

1 ’ 1 

■ . * . 

2 

2 

1 

1 

• m 

2 

S 

1 

1 1 

*1 

12 

• • 

1 

8 

• • 

= 2 

= 5 
= 7 
= 19 

Total .... 

1 

1 

•• 


• 

•• 

1 

1 


. 1 .. 

1 

' 3.8 


This analysis shows well the increasing effect produced by increasing illumination, 
for the description of the apparatus used in 0. and D., on the one hsmd, and in B. on 
the other, indicates that the differences between their degrees of illumination must 
have been very great. Furthermore, the background of B. was entirely composed of 
ttu intensely whi'te and strongly reflecting surface, while in C. and D. the roof (and to 
some extent the floor) alone possessed this property to a considerable extent, the 
sides of the cylinder being composed of white tissue-paper. On the other hand, there 
was a large amount of food-plant which remained nntil after pupation had taken 
place in B., while only a small quantity was placed in the cylinders, and this was 
removed when the larvae had ceased to feed. 

III. 

A, 

On Septemheor 13, IS mature larva of P. hrassicee, and the next day many larva 
of P. rapes, were placed in a cylinder 8'2 centimetres in internal diameter and 17‘8 
ceatimetres in height, lined internally with deep-red opaque paper for about three- 
quarters of its cmsumfereuce, and with a roof and floor of the same 8abstanc& The 
experiment was oonducted as follows. This and the following colonrs made use of in 
these experiments are shown on Plate 26, figa 16-21 indusive. 
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Experiment began. 

Man/ larvm of P. R. added. * 

Many P. B. girdled Stage III. at least 20-30 hours in the?e 

coses. ^ , 

2 P. B. pupated, and about 9 girdled; About 70 hours for the whole period of 
1 P. It. girdl^ these 2 larree. ^ ‘ 

6 P. B. pupated (2 of them deformed) ; 1 About IIH') hours for the whole period 
1 P. S. pupated ; 6 P. B. girdled of some of these ; others may not j 

have begun Stage I. at once. i 

I „ 18, 8.36 P.M. 11 P. B. pupated, and 1 P. R. pupated ; ! 

' ” 1 P.B. and IP.R, girdled l 

„ 19, 9.10 P.M. 12 P. B. pupated, and 2 P. R. pupated. 

Results, — 11 pupee of P, hmssiccB were alive on January 23, when the comparison 
was made, and — 

Of these, 7 were rather crowded upon the roof. 

Of the 7 ^ were (1), a, very grey and dark, but 2 of them 

showing a faint orange tinge, and 
the other 2 apparently greenish, but 
the grey ib entirely pi-edominant. 

2 „ ( 1 ), greyish- white, mottled with green. 

1 was ( 1 ), 7 , greyish-green, with opaque whitish 
marks as in (3) decree of colour. 
This form is transitional into (.3), 
xetaining the greyish tinge of ( 1 ), 
although subdued so that the green 
is well-marked, while the pigment 
are small for ( 1 ). 

2 were isolated on the clear glass front 

of the cvhndep, and of these . . . 1 was ( 1 ), a, very dark 5 faint orange tinsfe. 

1 „ (1), /J, greyish-green, with some white. 

2 were isolated on the red background, 

fixed in a horizontal position just , . , .r 

beneath the roof, and of these both . were ( 1 ), ft 1 being faintly yellowibh, the other 

appai'cntiy yellowish-green, but 
with the grey predominant. 

Hence the red background produced veiy dark results in the case of P. hromca, 
for out of the 11 pup® there is only a single (1). y, ^’hUe there are five of the 
darkest forms (l), «. The pnp® of P. ^'ajpas were all dead. 

B. 

Mr. Habwood also sent me 35 pup® of P. mpa found upon red brick walls. 

Of these, 21 were (1), 12 very dark indeed, and apparently with a dull-pinkish ground-colonr j U normal, 

with the same tinge. . i* ^ 

2 „ ( 4 ), raiy grey, but with hardly any black patches ; a yellowish and a pinkr* van y. 

12 pupo were dead, and, as far as I could judge, th^ were mostly veiy dark vaneties- 

Hence the pup® "were as a whole extremely dark, like those of P. H 

should be noted that many of them may have been upon the mortar, or m dark 
coi 7 >e(rs, under coping, &c., and doubtless the red colour of the bricks was very 
variable, depending upon the age of the waBs. 

3 H 2 


Sept. 13, 9 lo A.M. 
„ 14, 8 45 P.M. 

„ 15, ETENIKO 

„ 16, 6.25 P.M. 

„ 17, 7.36 P.1I. 
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Since -writing the abo\e, I Lave had an e35)erience -wMcli confirms my hesitation 
in accepting the above results as necessarily following from the red colour. I had 
long noticed a large number of pupae of JP. rapw upon Keble College chapel, and when 
I removed them in order to describe the colours for this paper I carefully observed 
and noted the places of pupation. After I had collected 20 or 80 pupae I found 
it useless to proceed, as they had almost without exception been attacked by 
Ichneumon flies and were dead and faded. I noticed, however, that not a single 
pupa was attached to the red brick wall of the chapel, but to the mortar immediately 
beneath the projecting stone-courbes, or upon the overhanging surfeces or hollows of 
the stone itself. 

IV. Omnge. 


A. 


On September 14, 12 mature larvae of P. brassica and 10 of P. were placed 
in a cylinder 8 centimetres in internal diameter and 18 centimetres in height, and 
lined internally with deep-orange opaque paper for about two-thirds of the circum- 
ference, and with a roof and floor of the same material. Periodical examination 
produced the following results : — 


^ Sept. 14, 10 A.S. . 
„ 16, 6 5 PJi. . 


Experiment l>egan. 

4 A B. pupate^ and 1 P. R. ; 8 P. B. 
girdle^ and 3 F. B. girdled 


I 

i 


IS 


1^ 


17, 7.25 P-Y- 7 P. B. and 2 P. R. pupated; 5 P. B. 

and 3 P. R. girdled. 

18, 8,35 p,M. 12 P. B and4 P. R pupated; 1 P. R. 

I eizdled. 


19, 9,15 P.M. 


12 P. B. and 6 P. E, pupated; 2 P. R. 
girdled. 


The whole period for the 5 pupated 
must hare been less than 56 hours if 
it began when they were placed in 
the cylinder. 


Smdta — All the 12 pupse of P. hroBsica were alive when they were compared, and 
of these eight were rather crowded on the roof. 


Of the 8 pups .... 

1 pupa was fixed iu a horizontal position on 
the clear glass side, but so high up that 
it came against the orange background 
formed by the maigiu of the paper 
forming the roof. It was 

1 pupa was fixed hcHnzontally ou the clear 
ghioBjuifcbdow the last It was • . 

I |aipa was fbsed Toriieallj on the clear 
glhai about i finom the roof. It was « 

1 pupa was fiansd oa the crazige 

backgrosad, hat high up and dose to 
th^ root. It was 


2 were (1), ^3, both yellowish, and not so grey as 
usual in this degree. 

6 1 * (3)» typical forms. 


(3), an unusually deep bluish-green on 
almost the whole of the dorsal 
surface. 

(S),typicaL 

(2), with rather larger Idaok spots than usual. 


(3),typioaL 
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The five living pupoe of P. mptB were also compared at the same tiuie, aiid — 


Of these, 2 were fixed horizontally on the clear 
glasb side, but high up, so that they 
came against the or«^nge background 
formed by the margin of the paper 
i*oof (as above). 

The two pupjB weit.* both 


1 Wtis fixed to the roof with the b 
P, brassicrB described above. It was a 

1 was fixed vertically to the clear glass 
about ^ from the roof, and it was a 

1 was fixed on the orange background 
dose to the roof, and it was a . . 


(o;, with a pale tran'spaient ycllowish- 
gieen ground-cfduur : very li+tle 
pisrment on 1 pur a, and jierhaps 
rather more than usaal on the 
other. 

(4j, typical, with a distinct, hut veiy pale, 
yelloi^ish-green ground-colour. 

(4j, typical; very faintly yellowish ground- 
colour. 

(5;, a beautiful hright-yellow green, with 
hardly any pigment, 


The strong effects of the orange background in the prevention ol pigment 
formation and in tbe production of a green ground-colour are veiy interesting and 
remarkable, for the results, although so well-marked, are certainly not especially 
protective. It is also most interesting that P. hwssiccB and P. mjja should have 
been influenced so uniformly. The bright green variety of P. hmsska chiefly formed 
by tbe use of this background is represented in Plate 26, figs. 29 and SO, X 2. 

B. 

About October 13 a few larvse of P. h'ossictf, which, I believe, were found upon 
Tropaolum ; and a few P. were placed in a cylinder lined with orange paper 

of the same size and arrangement as that aheady described, hio notes were taken aa 
to the dates of pujiation. 

Results .— pupae of P. hnissicce were obtained ; 

Of these, 1 was isolated on the clear glass fixiut, 

njidwas (1), normal; somew hat p-ilo ochreous gronnd-colour, 

1 was isolated on the background, veiy 

low down; it was (1), 7, rather nnusnally greyish fia: this degree, but 

deep -green anteriorly sad opaque - looldng 
ahitish - greeu posteriorly; the usual snuU 
black patches. 


1 pupa of P. rajwe was isolated upon the clear glass side, and it was a (4), rather 
dark for this degree, and possessing a dull-yellowi^ ground-colour. 

The same results of the orange background ore seen in these pupce, but they are 
not equal to those described in Division A 
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Y. Yellou'. 


A. 

On September 14 four mature larvae of P. hrassicce and four of P. rap<s were 
placed in a cylinder 6 centimeties in internal diameter and 10 centimetres in height, 
lined internally tdth light-yellow opaque paper for about three-fourths of its circum- 
ference, and with a roof and floor of the same colour. Periodical inspection gave the 
following results : — 


Sept. 14, 10/25 A.:ii I Experiment began. 

,, 15, 10.25 P.M. 2 P. B. rirdled for at least 12 brs , as they were 

” so in the moming wben inspected. 

16 6 30 P.M. I 2 P. B pupated lately, and 1 girdled, and also 
1 P. R. 


W^hole period leas than 56 hrs 
if it began when they were 
^aced in the cylinder. 


17, 7.40 P.M. 3 P. B. pupated and 1 P. E. girdled. 

", 18. 8.30 P.SI. I 3 P. B. and 1 P. R. pupated, and 2 P. R. and 
’ 1 P. B girdled. 

„ 19. 9.13 r.M. I 4 P. B. pupated and 2 P. R. pupated; 1 P. R. 
j girdled. 


Mesults . — ^Three pup® of P. hrassicce were alive when all were examined and 
compared : — 

Ion the roof was (1)» 7. typical; yellowiah, with the faint greyish 

tinge and pTnall blank patches. 

2 were scattered oxer the side, and of these 1 was (2), typical. 

1 (3) „ 


Two living pup® of P. mpce were similarly compared, 

1 being on the roof; it was a (5), with a distinct, but dull-green, ground-colour, 

much dusted with gz^ dots, and an amount of 
pigment on ridges, rostrum, &c., which would 
be typical of (8). 

The other pupa was isolated on the clear side of 

the cylinder, and it was a (.31, with a rather distincb yellowish ground-colour, 

and rather less grey than usual in this degree. 

Thus the effects of yellow appear to he in the same direction as those of orange, 
althoagh^ as &r ajs the evidence goes, the influence does not appear to be equally 
strong. 

VI. Green. 


A. 

September 14, — ^Four larv® of P. hrassicce and one of P. rapes t and later four more 
of the &ramr and four of the latter, wmie placed in a small glass cylinder (6 cenia- 
metree in iatenttl diaaoaeter and 8'5 centimetres in height) completely covered exter- 
nally with one kyer of green tissue-paper, and with a roof and floor of the same 
material Notes were taken at tl® following dates : — 
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Sept. 14, 9.15 p IT . 

15, ETESIXG 

16. 7 p.M. . I 

„ 17, 7.25 p.3t. . 

I ” 

. „ 18, aso P.M. . 


' „ 19, 8.55 p.M. , 


Experiment beg»ai. 

1 P. B. girdled 

4 P. B. girdled, and the P. E. pupated 
some time ? 

4 more P- B and 4 P. E. added J 

8 P. B. pupated, and 1 P. R. , 3 P. B. 
and 1 P. E girdled 

6 P. B. pupated, and 1 P. R. ; 2 P. B 
and 1 P. R. girdled 

6 P. B. pupated, and 2 P, H. ; 2 P. B 
girdled 


The P R mu'^t h ive i al t 4 » Ips 
in the peimd if it becfan v^lien l'ir\»> 
waft ph,/'ed in the cjlinde". 

UndM* 72 ill's, in the period if it began 
with the experiment ^ , 

Under 4^ hrs. for some of tlio'-e if the 
period began with the experiment. 


Results . — Seven living pupae of P. brassicie -were obtahied : — 

6 were crowded on the side near the roof, 

and of these ^ v-ere (2). all with the characteristic opaque yellowish 

ground-colour, mottled with green, and small 
blade patches and spots. One was yellower 
than the others, with less of the green mottling. 

1 was (3), rather greyer-gi*een than usual, and rather 
larger black patches. 

1 pupa was more isolated, and an outlying j. - . 

memherof the group desmihed above: it was (1). A vith a rather brighter and more distinct 

yellowish-green ground- colour thin usual, 
hecanse the firrey was less pronounced. 


Two Kving pnpse of P. rapes were amUarly compared, both being in the group of ^ 
P, hrassiccB described above ; and 

Of these, 1 was a (3), light for this degree, with a faint yellowish-green gronnd-Mloar, and much less 
of the grey dasting than nsaal posterioi’ly ; normal anteriorly. 

1 was a (4), with veiy Uttle pigment and very pale pinthh ground-colour. 

It is very remarkable that the greea smTOundings should hare shown less inflaence 
than orange or yeUow in the produotion of varieties which V 

protected upon the firet-named oolonr. It most he rememhmd however, that the 
conditions of eaperiment were different, tieene-paper beiag used m tins case, and highly 
iUnminated opnqne reSeoting sni&ees in the former. KeverU^ tissne-pai«r has 
been shown to produce marked effects with F. Jo, and it certamlv mode a ‘ 
bnckgronnd. And here, although the efleota seem amaU when compared with thoee of 
orange they are in reality considarahle, and are all in a protecUve direction. 


B. 

September 16.-10 larva of P. bramm and 13 of P. vsjw were pkeed in a glace 
cylinder ( 7‘5 centimetres in internal diameter and 17-25 eentunetres in height) com- 
pletely covered externally with one layer of green tissue-paper, and with a roof and 
floor of the same material. The P. rapa had been found upon mignonette, and 
mostly full-fed, but after September 16 they were fed upon cabbage. The foUowmg 

notes were made : — 
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I r 

Sept. 15, EVESKO . 
„ 16, 7 V.1I. 

„ 17, 7.30 P.M. 

j „ 18, 7.52 P.M. 

I 

1 „ 19, 8.52 p.u. 

I 

\ 


EOTeiiment began. 

5 r. B. girdled 

2 P. B. pupated, 6 girdled; 2 P. R. 
girdled 

8 P. B. pupated, 1 girdled; 1 P. E. 
pupated, and 2 P. R gu’dled 

9 P. B. pupated, 1 P. E. pupated; 
3 P. R. girdled, and 1 P. R. maldng 
girdle. 


Tinder 48 bouTb* period for these 2 if it 
began with, the experiment. 

So also under 72 hours for these addi- 
tional ones. 

1 

I 

I 

I 


BesulU . — ^Nme pupse of P. hrassicee were obtained, and— 


Of these, 1 was on the roof, and was . . . 


7 were on the side, fairly crowded, and 
all upon the upper J of the height 
of the cylinder ; of these .... 


1 was more isolated on the side, and was 


(1), p, black patches normal, dusting inther 
less, and ground-colour rather more 
distinct than usual ; yellowish-green, 
inclining to veiy pale orango in 
places. 

2 were (1), A 1 pale-greenish and 1 very pale orange; 

dusting less than usnal ; black spots 
normal on former, less than normal 
on latter. 

4 were (2), almost noimal, but the ground-colour a 
Utile greener than usual. 

1 was (3), typical. 

. . . (2), with normal ground-colour, hfut the black 

spots more developed than usual. 


Eight living pups of P. rapes were similarly compared, and — 


Of tltese, 2 were on the Toof, of which .... 


1 pupa was cm the side near the top, in 
the crowd of 7 P. Irassicm described 
above, and it was a 


1 was a (5), very little pigment, and very pale greenish 
gronnd-colour ; and 

1 «t (4)* 'V'eiy little pigment, and a pale yellowish- 
pink ground-colour. 


(4), typical, with a greyidi-yeUow gronnd- 
colour. 


5 pupe were more isolated on the side, 

and of these 2 were (3), but both light for this degree, 1 with a 

yellowish - pink ground - colour, and 
1 with a dull, but distinct, greenisli 
ground-colour. 

2 were (4), 1 typical, 1 with hardly any pigment; 

the gK>iind*^bnr faintly ydlowishrpink 
in both. 

1 was (5), of a dbdditci green ground-coloar, but 
dull for this degree, and with the 
greynesfi and black patches of a light (3). 
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These results are veiy uniform with those of Division A. The more numerous 
P. i'opcB in. this division show that the green surroundings have some considerable 
effect, as one-fourth of the pupae were the green form (5). The bright yellowish-green 
variety of P. hmssicce, which was chiefly formed by the use of this background, is 
represented in Plate 26, fig. 28, X 2. 

C. 

September 13. — 20 larv® of P. hrassicce and 10 of P. rapte were placed in a 
shallow wooden box (2’26 dedmetrea long, 1*3 decimetre wide, aind 5*2 centimetres 
deep : all internal dimensions) lined internally with thick paper tinted with a pale 
bluish-green colotn, which became whiter owing to the pigment being removed in 
many places. The box was made to stand on one of its long sides and covered with a 
sheet of dear glass, and it was placed close to the window, so that a strong north-east 
light was directed into the interior. Notes were taken at the following hours : — 


I Sept. 13, 9.50 F.H. 
„ 16, 6.5 y.3i. 


„ 17, 8.15 P.M. 

„ 18, 9.16 P.M. 

„ 19, 9.26 P.M. 


Under V2 Ilotitb for the 1 pupated, if 
tlie period begaii 'uitli the experiinent. 


Experimeut bemn. 

1 P. B. pupated ; 5 girdled The box 
was inclined backwards at an angle of 
about 45°, so that the roof was iUnmi- 
nated to an extent equal to that of 
the rest of the box, for the larree 
tended to collect on the roof for 

4 ?!^^^pated, 8 girdled; 3 P. R. Under 05 hours fur these additional ones, 
girdled 

7. P. B. pupated, 7 girded; 3 P. R. 
pupated and 2 P. H. girdled. < 

10 P. B. pupated, 3 gilded; 3 P. R. 
pupated and 2 P. R- girdled* 


Results . — 11 living pupeo of P. hra^cce were obtained* 


7 were crowded ia a comer of the roof, 

all were (1), /?, with uonnal black patches, bat the ground-coloar 

a peculiar greenish-white, veiy opaque-looking, 
much dusted with grey, as usual ; with a slight 
orange tinge in 1 pupa, and 2 pupse rather 
more yellowish-green than the others. 

1 pupa was isolated on another part of 

the roof, and was (1), A like the others, and espedafly resemMnig the 

2 last described. 

3 pupse were isolated on the dear glass 

front, and of these 2 were (1), «, one of them faintly orange, the other pale 

greenish, rather unusnally distinct, becanse 
the grey dusting, although very proncranced, 
was locally collected into bands and patches, 
leaving the coknr compacaiively undimmed 
between them. 

1 was (1), /9, resembling the 3 last described of this degree, 
only a brighter colonr than any others, becanse 
of the comparatiTe abeeneeof the gny dus t i ng; 
a bright yellowish-green. 

S I 


hO^OCQjjiX X JSb V XIa'**"^Be 
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Three living pupae of P. rapm were similarly compared, and— 

Of these, 1 tras isolated on the side of 

the hox. and it Tras a . . . . (4), pink gronnd-oolonr, and very little pigment. 

2 were isolated on the glase 

front, and of those . . . 2 were ( 3 ), one typical, -with a yollotrish gronnd-oolonr; the 

other very light for this degree, with a pinkish 
groimd-odlo'Dr. 

The in this division seem to have been much weaker as fer as the 

prevention of pigment formation is concerned than in the two preceding experiments, 
and this is probably on account of the colour employed. The green, although bright, 
was of a very bluish delicate tint, and was easily removed or rendered paler. On the 
other Hand, there was a special peculiarity about the ground-colour of the majority of 
the pupse of P, hrctssiccs (one of which is represented in Plate 26, fig. 27, X 2) which 
harmonised well with these surroundings, and appeared to indicate a power of special 
colour adaptation to minute differences or peculiarities in the surroundings which 
was not seen to an e(pial extent in any of the other experiments. 

D. 

A mature larva of P. rapes was found upon oahhage in a garden at Oxford about 
the beginning of September, and was placed in a small (grlinder covered with one 
layer of green tissue-paper, and with a roof and floor of the same substance. 
Mignonette was introduced as the food-plant, but the larva, without feeding, pupated 
upon one of the leaves. The pupa was a deep green (5), but with an unusual devdop- 
ment of the black w>arTringa for this stage. The markings were present to the same 
extent as in a typical (S), although the grey dusting was very deficient. The distinct 
pT^d bright ground-colour left no doubt of the real degree of the pupa. This pupa is 
represented in Plate 26, fig. 31, natural mze. 

E. 

October 5, a large number of pupae were found on a very deep-green gate in a 
tpTift at Seaview, hut the vast majority contained the larvae of parasitic 
Hymenoptmi, and had dried up when the comparison was made. 

It is ntwri to be noticed that the pup» were nearly always concealed in the shadows 
of the mouldings and under the overhanging parts of the framework, Ac. 

Only 6 pupae remained alive when the comparison took place. 

0{ thniir. 1 ma (1), tyjtod, yeHtmuh-piiik as lar as the ground-colour could be seen tbiongh the 
ohimdant p^meni. 

2 irtact (8), 1 typksl and a^iarently ftimtly yeUovmh-piak, the other light for this degree and 

distinefly jnnkmh. 

3 „ (4), aU abont normal, and yeUowish-pink. 

Thane must have been qmte 20 more whidh had died, and there certainly was not a 
(6) among them, fox I remember bdbg astonished at the time at the small effect 
pndttoad by ^ graen. badkgroond. One P. hramoct was found at the same iame, 
whidi also died firam the amae oauae^ but it was a disrinct (1), and probably the 
oemmon (1), 
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It is probable that these surprisiDg results are due to the peculiarly deep and 
strong colotur of the paint, against which the usual bright transparent yellowish-green, 
or the delicate emerald-green of the (5) degree of colour, would have been at least as 
conspicuous as the darker varieties which were actually found. There was certainly a 
great contrast between the colour of the gate and the more ddicate green tints used 
in the preceding experiments. 

VII. Blue. 

A. 

September 11, 8.45 p.m. 10 nearly mature larvm of P. rapoe were placed in a card- 
board tray (1*72 decimetre in length, 8'4 centimetres in width, and 27 centimetres in 
depth) lined internally with dark-blue paper, and with a dear glass front, which was 
directed towards a strong north-east light, the tray being placed vertically dose to the 
window. A small amount of the food-plant (mignonette) on which the larvae w’ere 
found at Seaview was also induded in the tray. No notes were taken as to the tunes 
of pupation. 

Results , — ^Eight living pupse were obtained, and of these 5 were crowded together 
in the angle Tnade by two of the sides, one of which formed the roof in the podtion 
in which the tray was placed. 

0£ the 6 pupte 3 were (3), 1 with more of the pigment pntehes than nsnnl, 

althoiigli less of tlie grey dnsting, and 
witb. a yellowislL-pink ground-colour. Tlie 
others lighter than nsual for this degree, 
and inth a pinldsh gronnd-colonr. 

2 ,, (4), 1 typical, -with a very pale p inkish gronnd- 

coloar, and 1 with very little pigment 
and a pale yellowish-green gronnd-coloiu^ 

8 pnpsB were isolated on the sides, 

and of these 2 were (3), tjpical, with a yellowish-pint gronnd-colour 

as far as it could he seen through the 
abundant gi^y dusting. 

1 was (4), with a distinct pinkish ground-coloiir, and 
rather more pigment than usoal for this 
degree. 

It is quite de«r^ that the blue background was without special effect on the larvse, 
acting merely as a moderately dark surface in abimdant white light, with resoltB 
intermediate between those of a hlaok and of a white background. 

Now that I have given the results of e^erimenta in which all the colours of the 
spectrum have been used except violet, it wiU be well to imake a tabular analysis 
the whde, with the view of testing the relative efiects of the colours, and of investi- 
gi>4.i-ng the efEeot upon pigment of the predonunance of rays of any particular wave- 
length in the light incident upon the larval sur&ce, or of combinations which produce 
a corTesponding efileot on the Vertebrate eye. 

8 i2 
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These results are extremely interesting, especially as the effects of dilferent-coloured 
li^ht are so si-milar ia the two species, both as to the formation of pigment and the 
production of green or other ground-colours. The effects in the former case are so 
uniform, and are so graduated in the successive coloui’s which were used, that it is 
possible to give an approximate representation of the results by a graphic metliufl 
maiing the abscissae of the scale of wave-lengths, and each ordinate of a length which 
corresponds to the average amounts of pigment obtained fium all the pup® subjected 
to any one colour. Of course the results are only approximate, for there must be 
a good deal that is arbitrary in the selection of the scale of lengths to correspond 
to the different amounts of pigment in each degree of colour'. The scales which were 
use of in obtaining the averages were as follows : — 



In order to decide upon the points on the scale fi-om which to draw the ori^ates, 
the colours employed in the above-described experiments were examined with the 
q>ecfcroscope, and hence a test of their purity was also obtained. The tints axe 
indicated on Plate 26, figs. 16-21. The results were as follows 
Darh-red opaque ^ajrer.— The reflected light was brightest firom 60-65 on the scale 
below, the rest of the spectrum being very dim indeed, and even the chief reflected 
rays were not very bright. Hence the darkness of the tint. 

Deep-ormge opaque paper.— The reflected light was brightest from 57-66, the 
yellow being especially bright ; the rest of the spectrum was very dim indeed. The 
chief reflected rays were much brighter than above, and the colour of the paper was 
fax more brilliant. 

Pale-yellow opaque paper * — ^Tlie reflected light included a large part of t e 
spectrum from 51-65, which was very bright, while the blue was reflected to a much 
leas extent, and there was some more complete absorption between the Hue aud the 

green. , 

Bright-green tissue-paper . — The transmitted light (which was almost ese y 
same as the reflected light, differing only in intensity) which had passed through om 
layer of this paper was espedaJly dim in the blue, and in the red to a less extent, the 
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green, passing through with hardly any diminution. The transmitted rays were 
especiaUy bright from 51-59. 

The pule hhiishrgreen ojpcKiue paper made use of in Experiment VI., C. The 
reflected light differed from that transmitted through the green tissue-paper in the 
much larger amount of blue rays which entered into its composition. The red, 
orange, and yellow were also reflected to a slight extent, but were chiefly absorbed. 
The chief reflected rays extend from 45 to 57 on the scale given below. 

The darhMue opaque paper.— The chief reflected rays extended from 44 to 48, the 
rest of the spectrum being very dinn. As the chief rays were not intense, the colour 
was a very dark blue. 

It is, therefore, seen that the colours employed were fairly pure, although, of course, 
they were all mixed with an immense proportion of white light. The spectroscopic 
results indicate that each of the colours should be made into separate ordinates the 
green tissue-paper and the pale bluish-green bemg separated because of the different 
amounts of blue in their composition. The red brick walls (IIL, B.) are omitted 
because of the reasons given at the end of the description of the pupse found upon 
fbAm^ ftTid because the spectroscopic character of their colour is unknown ; and for the 
latter reason the greens in VI., D., and VT., E., are also omitted. 

In the graphic representation (fig. 6) given below each ordinate which starts from 
the part of the base line which represents the visible ^ectrum is naade to diverge and 
iiinliidft on the scale the limits of the rays which were shown 1^ the spectrum to 
constitute, at any rate, the chief part of the colour transmitted or reflected by the 
colour indicated on the ordinate. It should be noted that the JP. rupee line merely 
passes the ordinate for dark red, for there was no experiment to indicate the amount 
of pigment which is formed under the influence of this colour in the case of P. rapa. 
To the left of the red end of the spectrum four ordinates are added to r^resent black 
and white under three conditions of illumination, in order to compare their results 
with those prodneed certain parts of the visible ^ctrum. 

The actual lengths were as follows : — 



P. fYQMI. 

P. ftnusim 


•milHinii. 


in yeiy stremg 1^^ . . . 

7-36 


Wbite in li^t 

12-91 


Wldte m aieixiT complete darkoesB 

22-5 

66-84 

Bhdc .......... 

47-81 

61-25 

‘Bed 


61-09 

Onoge 

8-S8 

26-0 

Tdov 1 

12-6 

28-0 

Qnea . . . 

10-5 

83-25 

BiiIb tftni&greQn 

16-66 

68-64 

Bl«» 

18-76 

1 
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The results in the case of P. hrassicce are probably more trustworthy, because the 
numbers of pupse employed in the various experiments were more uniformly large. 
The similarity of the results in the two species is very striking, and it would have 
been even greater but for the fact that the palest varieties of P. brassica retain more 
pigment than those of P. rapce. Looking at the colours which retard the formation 
of pigment when they preponderate in the incident light, we see that they contain 
certain rays in common which are probably highly efficient in this respect, i.e., the 
rays from 57 to 59 or 60. The immense difference between the action of red and 
orange corresponds to the fact that these active rays are present in the latter, and 
they are also present in the highly efficient yellow and bright green — that is, in all 


Big. 6 



the colours which retard the formation of pigment, except white, which, of course, 
contains these rays in addition to the others, although this is not necessarily the 
case, and it would be extremely interesting to experiment with whites from which 
fbin part of the spectrum is absent. Concerning such an experiment, it may be 
argued that tbia relation of colour to pigment formation kt essentially protective, and 
is, therefore, concerned with the visual perception of msect-eating animals, and 
especially the Vertebrata; and if these latter cannot with the unassis^ eye dm- 
between a pure and an impure colour, or between a white which contains 
all the colours of the spectrum and one which contains only some of them, it would 
seem that the pupa would lose immensely if it were influenced by the one and not by 
the other, or in different directions by the two. It is, however, dear that we must 
only expect perfect parallelism between the sensitiveneas of such widely separated 
gfl for the stimulus is provided by odours which form the natural envirem- 

mentof the pupse. 




432 


MR. E. B. POtJlTON OR THE COLOUS-BBLATION BETWEEN EXPOSED 

The ohseiTations upon the length of the preparatoiy period and of its constituent 
stages were insufficient, hut they indicate a much greater length than in the ^e of 
K. urtlcfB. In most cases the period began when the larvse were placed in the 
cylindei's, &c., for no food was eaten by the majority of larv» after they had been 
captured. This was because I always selected the largest larvse from the cabbages 
and, as was previously e^cplained, the shock of capture hastens the heginning of the 
period when the organisms are practically mature. 

It is also noteworthy that there are some indications, as in the case of V. urtica, 
that darkness may act in such a way as to prolong the whole period, and that 
possibly tbi-q increased length of time may bear upon the formation of pigment ; or, 
conversely, that a shortened period may be brought about by certain reflected colours, 
and that the absence of pigment may ensue as a secondary result. This suggestion 
appears to be worth a careful trial, and, even if it does not contribute to the elucidation 
of tins most difficult question, the protracted period in darkness may be usefiil to the 
organism in another way —to give it the opportunity of being affected by surrounding 
colours after change in the conditions of illumination. Thus, if the most sensitive 
part of the period were pa^ed during the night, it would he to the advantage of the 
speries for such a susceptible condition to be prolonged as far as possible. It may be 
that the or presence of direct light may he important in this respect, hut 

the whole sulgeot needs carefiil experimental invretigation along the lines suggested 
by the results of the experiments described above. 

y^Tranaa 2. — EOtTSD UPON VARIOUS SUBPAOEB OP MiX E D OE iNDBFINrEE 

COLOUBS, 

A. certain number of wild pupss were found upon walls, cement, &o,, of colours which 
were not distinct enough to be inoluded in the last series ; and a large niunber of 
captured krvs were allowed to pupate without any precautions to ensure uniformity 
in the eolomr of stzmmndizig sur&ces. 

The results are described below : — 

L Mr. Haewood also sent me two pupae of P. rapce, found upon a cemented wall 
They were both (3), with a distinct pinkish ground-colour, and one of them with 
onusoal development of black patches on the dorsal sur&ce generally, without any 
spedsl development on the ridges and keel. These colours would be of protective 
valne against the greyitii sur&oe. 

n. September 20. Two pupee of P. rapes were found flxed to some yellowi^-grey 
brk^ gate {uUazs, but ribtaded under the copmg, at Yarhridge (Isle of Wight). 

(E tbMRi ........ 1 ww (3), pimldBTi, lighter than vsnaL 

1 „ ( 4 ), pinlriali, tmasnaUj grejf, hut vith a smaller amonat of 
pigmaat pa tc hoo •flugt Tumal. 

The pnpee were well protected, £ar their colour baxmonised with tiiat of the 
bricks;, &e. 
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IIL October 12. A single pupa of P. hmsiicce was found shaded under the coping 
of some new yellow brickwork at Seaview, Isle of "Wight, in a somewhat shaded 
mtuation. It was a (1), A typical grey dusting, pale-greenish ground-colour ; normal 
black patches. 

At the same time and place a number of pupae of P. ropue were found, newly all of 
which were shaded by the coping of the brickwork. "VMien the cumparisun took 
place eight pupse were alive, and 

Of these . .... 1 was (2), typical; yeDowish 

4 were (3), typical; faintly pinki'th. 

3 (4). all yellowish-pink ; 1 MVith veiv ■snail amount of pij- 

ment, the otheis uith moie than U"a.il. 

These pupse also were well protected. The colour of the bricks was not sufficiently 
uniform or strong to he included under the yellow of the last series, and it was also 
complicated by the new whitish mortar and the new stone coping. 

lY. September 15. A number of pupte of P. roiXB were compared at this date, 
having been cbiefly obtained from laivsB found upon mignonette in my garden at 
Oxford, while a few were produced from larvse taken from the same food-plant at 
Seaview. The larvse bad been kept in two glass cylinders (about 8 4 centimetres in 
internal diameter and 1*8 decimetre in height), the tops b eing covered with white 
muslin, somewhat dull and grey from age, while the cylinders stood upon white plates 
and were almost filled with abundant food-plant. SI pupse were obtained, of which 

7 were fixed to the two muslm tops, and of 

these. 1 was (1), pinkish. 

4 were (4), 2 yellowish-green, 1 pinkish, 1 greenidi. 

2 „ (5); both Teiy pale yellowish-green, with a 

little pigment like that on (,4) and in the 
usnal positions. 

19 pupes were fixed to the glass of the two 

cylinders, and of these. . ... 2 were ( 1 ), 1 pinkish. 1 yellowish-green 

6 „ (2j and (3), for these had not been sepai-ated at 

this time, the clnssificatioiL being extended 
later : 3 vere pinldsL, and 3 yellowish- 
green. 

9 were (4) : 6 pinkish, 3 of them very faint and pale; 
2 greenish, and 1 yellowish-gieeu. 

2 „ (5)a 1 very extreme and of a splendid emeimld- 

gieen, with an almost complete absence 
of pigment in any fcarm; the other pale 
yellowish -green, also with veiy little 
pigment. 

5 pnpm were loose in the cylinders, and all 5 were (4), 1 pinkish and 4 greenish. 

These results, upon the whole, show well the effects of white and green surroundings 
in strong illumination. 

MDOCCLXXXyU. — 


3 b: 



434 SIfi. E B POULTOy ON THE COLOUE-RBLATlOy BET\7BEy EXPOSED 

Series 3, — TRANSEEBEifcE Experiments. 

A feir transfe^’ence experiments were made with the larr® of these two species, and, 
althouoh on a tar t>maller scale than with V. nt'ticoB, the results prove quite conclusively 

(1) that the larva and not the pupa is sensitive to the colour of surrounding surfaces ; 

(2) that there is some susceptibility to such influences during Stage III, 

I. Gdt, hlacTi, mul white during Stage JJ/.— September 11. On this date seven larv» 
of those described above in the two cylinders (see Series 2, IV.) were girdled on the 
glass sides, and small pieces of black, white, and gilt paper were glued under each to 
test the effect of these backgrounds during the remainder of Stage III. Two pieces 
of paper were placed under each in such a manner that the method of suspension was 
not interfered with, and yet a complete background was obtained. The experiment 
was conducted as follows : — 


Sept. 11, 9.30 PIT. Gilt paper fixed 
to 9 5u p 3C. under 2 lar^sa 


1 

Sept. 12, 8.30 A.3I. Both pupated . . 
I Results : Both (4) ; 

( 1 pinkish and 1 

I gpertush ; very 

1 little pigment 

„ af>,950A,M. 


White paper fixed 
under 3 larrce 


1 pupated . . . 

Results- A (4), pale 
pinkish; a good 
deal of pigment 
for this stage 


„ 12, 750 p.n. 


12, 945 px. I 
^ 1S,8.40 a.mJ 


1 has pupated ; 
perhaps about IS 
konr&of Stage III 
on the whitepaper. 
Result*?: (4), 
pinkish ; reiy 
little pigment 
Xo farther change < 
Ihe la^t larra has 
pa^iated ; at least < 
24 hours on the 
white paper, and , 
pobablj 80 hours. | 
Resulth : (4), pink- 
ish: normal pig- 
ment. 


Black paper fixed 
under 2 loivm 


1 pnpated . . . ' 
ResuItB : A (1), ' 
yellowish - green ; 
very little pig- 
ment 

* 1 mpated ; hence 
1 12 honrs of Stage 
I nr spent on the 
, black. 

I Results : (4), yel- 
j lowish-gi^nwith 
I normal pigment. 


Lana girdled on 
stem of migno- 
nette, pinned 
against gilt back- 
ground. 

Pupated 

Results A (2) or 
(3) then com- 
bined; yeUowish- 
green 


The pupee were compared with those above, September 15. 

In these popes there is no evidence that any ^eot was produced by the hack-* 
grrands dum^ Stage IlL, or part of it. The results should he compared with those 
uf Series 2, Z7., which dbow the ooloors of the pnpm which had not been subjected to 
translereaee. 
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n. Block and u'Jiite during Stage III . — September 10, a siniJl group of larvje of 
P. irassiccB were girdled upon a clear glass sheet which formed the covei*ing of an 
ordinary wooden box. Other larv» and freshly-formed pnpte fell down from the 
same sheet, and will be described below (III.). A sheet of white paper was fixed 
under l>n1f of the group and a black sheet under the other half, and a shelf was 
fixed between the two colours, covered with white paper towards the white side and 
black tow'ards the black side, and the whole was placed vertically in a strong north- 
east light, close to the window. Thus the two groups of larvae were exposed to black 
and white respectively during the remainder of Stage III., and there was reason to 
bdieve that the stage had not long begun. Xotes were taken as follows 


I 


Sept 16, 7 ru. 

„ 17, 7.20 p.m. 

1.8| 8.30 A.M. 


18^ 11.40 A.3I. 


Experiment l)egaD, the paper and shelf 
having been fixei 

1 larva on the -white area has only just 
pnpated 


Another larva on the white area has 
pupated a few honrs 

And 3 Inrvce on the black area liave 
pupated a few haul’s 


And 1 larva on the black area was now 
pnpating 

The last larva on the black has pupated 


24 hours on white; thus Stage III. I 
longer than this period of time. ^ I 

It is a (2;, opaque firreeniah-white, 
rather yellow anteiinrh ; nciimal. 

It is a (2), onaqne gi'eenish-whTte, 
Ikrhter than the above, and smaller 
black Npots. 

I 2 alive, and both intemiediite between 
f 1;, 7 , and f2), becanse of the amount 
o£ giey dusting; very small black 
patches. 

Dead. Stage III. at least 374 hours. 

Dead. Stage III. longer than 37^ honrs 


It thus appeal's that the pupae were slightly affected by the white and black 
surffices, although to a very small extent. Stage III. may have been S(»mewhat 
protracted in consequence of the glass being turned in such a position that the larva 
were head downwards, an attitude never assumed in this species before pupation. 

III. Black and ichite during Stage ///.—At 7.30 p.m., September 16, six moist and 
IVeshlv-formed pupae and seven girdled larvas of P. hraseic(e (alluded to above) fell 
down fiom a dear glass sheet to which they had been suspended (being the eoveiing of 
an ordinary wooden box), owing to the continuous silken web which they bad spun 
becoming detached from the glass. This was thought to be an opportunity of testing 
the sensitiveness of the pupa to coloured surroundings (as opposed to the larval, and 
therefore the pupm and larvje were each divided into two groups, and n ere placed on 
a black and a white surface. By 7.5 P.M., September 17, six of the larrro had pupated, 
and the seventh pupated at 9.1 5 P.3L on the same evening. 

Eesulis. — Seven pupse were living which had been exposed to the black Brnfoce : 

Of these, 4 were (1), ft 3 yeHowish-green, but very grey ; 1 greenish. 

3 » (1). 7> gronnd-oolonr opaque wHtish.yellow, almoat like (2), but with lar^ black 

pst" heH in this degree, and even more developed than is ntnal in (1), */. 

3 K i 
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Four pupsB wei e living ■which h&d. hsoii on 'the whito surfkco i 

Of these, all 4 were (1), 2 an opaque uhitiali-green, 1 yellowish, and 1 chiefly gi-ey, hut with a 

greenish tinge ; the grey very milked in all of them. 

Here, again, the 6ur%ces may have produced some slight effect, but the conclusions 
are not certain, because the pupae already formed when the experiment began became 
intermixed with those which had been exposed to these colours during Stage HI. 

IT. On September 15 (see Series 1, L, C.) a girdled larva of F. rapes (Stage III.) 
was found on a black tarred fence and was removed (4.15 F.M.), and was placed on 
white paper. At 5.30 p.m. on the next day it had pupated an hour or two, and the 
pupa when it took the permanent tint became a (1), very dark, and like those which 
had been found upon the fence on the 15th. In this case the powerftil effects of the 
black surface during Stages I. and II. and the first part of III. could not be altered 
by the exposure to a white surface during the remainder (24 hrs.) of the last stage. 
This experiment is very conclusive against the former theory of pupal sensitivenesa 

V. October 12, a single larva of P. rapes in Stage L was found crawling upon a 
chocolate-coloured paling at Seaview ; it was placed in a small chip-box with the other 
pupse found on this date (see Series 2, III.) and became a (4), about normal, with a 
yellowish tinge. In this case the pupal colour appears to have been entirely due to 
theinfiuence of the light-yellowish tint of the chip-box in which both the terminal 
stages were jiassed. 

TI. October 5, six larvm of P. rapes were found on the green gate (described in 
Series 1, YL, E.), of which three were in Stages L or II., and three in Stage. Ill, 
(girdled). All six were placed in a cylinder (6 centimetres in internal diameter and 
1'05 dedmetre in height) covered ■with a single layer of black tiss^ue-paper, and with a 
r(X>f and floor of the sane material. All the six pnpse which were obtained were alive 
when the comparison was made. 

Of the 3 jmpe -which had paswd Sti^ III. * 

, m the cylinder and were girdled, 1 was (3), typical, yellowiah. 

2 -were (4), 1 typical and yello-vnsh.pink, and 1 was faintly 
greemsh and very deficient in pigment. 

The 3 pnpss nhich had pa<ded part of 

stage in the eylmder -were all .... (4), typical, 1 pinkidi, 1 yellowish-pink, and 1 

yellowish. 

Here, again, some sli^t ef&ct appears to have been produced by the -transference, and 
the Basalts hannooise -well -with those of all the other experiments of the kind. 

In conehiding the aooount of experiments upon these pupse, it must be remarked 
that the efirnt of the txdeoxed surroundings upon the dark pigment is, perhaps, the 
least iinportoai part of the ehangee produced, fitn* there are other consequences which 
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seem to be much deeper in significance and far more difficult to understand. The black 
pigment patches and minute black dots are cuticular and superficial, while the ground- 
colours are sub-cuticular and deep-seated ; and in the most brightly coloured pap» they 
are mixed colours due to the existence of different pigmentary (and proliably chloro- 
phylloid) bodies present in the different elements and at different depths of the 
sub-cuticular tissues of the same pupa. In other pupa; no trace of such colours can be 
seen. Hence we see in these most complex and ymied effects of the stimulus 
provided by the reflected light, which deepen into their permanent pupal condition 
very many hours after the stimulus has ceased to act, the strongest evidence for the 
existence of a chain of physiological processes almost iinparalleled in intricacy and 
difficulty, while a theory of comparatively simple and direct photo-chemical changes 
induced by the stimulus itself without the inter vention of such a physiological circle 
seems entirely inadequate as an explanation of the facts. 

Obs&'vations upon the Colours of the JPupa in the Geiois Ephyra. 

After the consideration of the variable pupm of many species of Khopalocera it is 
interesting to compare the results obtained after an examination of the equafly exposed 
and variable pupse of a single genus of the Heterocera — the genus Epht/ra. In 1888 
I had the opportunity of studying the life-histories of three species of this genus 
{E. penduktria, E. omicrunmna, and E. orbiculana), and an account of the investiga- 
tion is published in the ‘ Transactions of the Entomological Society of London,' Pt. I., 
1834, pp. 50—56. A short summary of the results obtained is given below. The 
larv® of E pendiilaria, are dimorphic in the last stage, appearing in the two most 
usual colours, green and brown j those of E. oniicronuno are similarly dimorphic, but 
the brown forms ai'e relatively rarej while the larvae of E. orhicularia are variable. 
The dimorphism of the two former species extends into the pupal stage, the brown 
larvoe always becoming brown pupae, and the green larvae green pupae. (The two 
forms of E. omicronaria are shown on Plate 26, figs. 22 and 23, natuinl size.) Hence 
the colour of the pupa can only be afiected through the influences which determine 
the larval colour, aud it hais not yet been shown that the colours of these larvae can be 
controlled, although, from many expeiiments on other larvae, I think that the proof 
of such a relation to surrounding colours is likely to be affitrded by expe rimen t. 

The pupal and larval dimorphism has no relation to sex or to any observable 
imaginal character. Statistics appeared to prove that the brown forms of E. ptndu- 
htna (alone observed in sufficient numbers) are relatively abundant in the winter 
(larvae and) pupae, nod green, in the (larvae and) pupae of the summer broods. It was 
also shown that the relative preponderance of either form could be greatly increased 
by breeding ftom parents which poss^sed the some colour in the earlier stages. 
Observations upon the situations selected ft)r pupation failed to establish any colour- 
relation i hut the results were not convincing aigainst the existence of such a relation, 
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for the experiment ■wee not carried out in tlie best way : ibere was not ai sufiirient 
quantity of both colours in the surroundings. 

Dr. Wilhelm Mulleb, of Greifewald, refers to the above account, and evidently 
regards the Ephyridsa as peculiar in this respect. His evidence is all the more vaJuable 
because of his careful work on larvse and pnpae of Lepidoptera during many years spent 
in South America. He says (“ Sudamerikanische Nympbalidenraupen,” Spengel, 

‘ Zoologiscbe Jahrbuoher/ vol. 1, Jena, 1886, p. 234) “Eine ruhmliche Ausnabme 
machte E. B. Poulton, welcher feststellt, dass sich bei verschiedenen Species der 
Glattung Ephifra der Dimorphismus der Eaupe bei der Puppe erhdlt, so dass belle 
Raupen nur heUe Puppen, dunkle Eaupen nur dunkle Puppen liefem.” The colours 
of the pupae being predetermined, and following rigidly the colours of the respective 
larvae, it follows that these organisms afford an interesting contrast to aJl the other 
species of exposed pnpae desciibed in this paper (foi’ there is no colour-relation between 
the larvae and pupae in Papilio machaon, &c.), while special protective resemblances in 
the pupae seem to be only possible as the results of the selection of appropriate 
colours upon which to pupate. In the above-recorded observations there wm quite 
insufhcient evidence to support the theory that the larvae have any such power, but I 
do not think that they are by any means conclusive in the other direction. 


SIJMM.ABT. 

The results of this paper may he shortly summaiised as foUows : — 

1. The following exposed pnpae of the Bhopalocera have been proved in this papei 
to possess an adjustable colour-relation to their surroundings — Vanessa lo, V. urticce, 
V. atalanta, Pieris hrasska, and P. rapes. The relation had been previously proved 
for some of these species, and for others, which I have not had an opportunity oJ 
investigating, e.gr., Papilio mreus aind P. demoleus. 

2. On the other hand, dimoi’phic pupce which are closely allied to the sensitive 
forms may be uninfluenced by surrounding colours, e.g., Papilio macluion and 
P. poltfdumns. In the genus Ephyra (Heterocera) the dimorphic pupse are quite 
uninfluenced by their surroundings, the pupal colours coiresponding to those of the 
dimorphic Urvm. 

3. The previously accepted theory, which explained the pupal o flour-relation ae 
following from the action of light upon the moist skin of the freshly-formed organism, 
is entirely disproved, and it is shown that the influence works upon the larva during 
the period which intervenes between the cessation of feeding and pupation. 

4. This intervening period was carefully investigated in V. ‘urtkcBf and it was found 
that, after ceamng to feed, the larvm wander ibr a variable time, then rest for aboul 

homes upon the surface selected for pupation, and Anally hang suspended, heac 
downwards, for about 18 hours, after which time pupation takes place. By transferring 
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the larvae from one colour to another it Avas found that the colour influence -works 
for about 2U hours preceding the last 12 hours of tlie whole period. 

5. Blinding proved that the eyes do not form the organs which are influenced, and 
it was also shown that the complex bristles do not contain a terminal organ with this 
function. Experiments vriith conflicting colours appeared to prove that surrounding 
colours affect the whole surface of the larval skin, although parti-coloured pupse were 
not obtained. (There is, however, some evidence for such a result in Papilio nireiis.) 

6. In all cases there are certain colours which produce no effects. In the 
Vanessidae the brilliant metallic tints of the pupas can be greatly influenced by the 
presence of gilded surfaces in the environment of the larva before pupation. This 
foot appears to prove that the metallic tints are essentially protective, and probably 
subserve concealment by their resemblance to glittering minerals, such as mica. This 
theory is confirmed by observations upon the habits of certain species with gilded 
pupse. At the same time the gilded appearance has acquired another and opposite 
significance in other species, being of use in rendering the pup® conspicuous, and 
thus acting as a signal of an unpleasant taste or smeU. 

7. The amount of pigment in the superficial lajer of the cuticle in the pup® of 
Pteris brassiccB and P. rapes appears to he influenced by the spectroscopic com- 
position of the light incident upon the larvre before pupation. 


Desctbiption op Plate 26. 

Figs. 1-6, inclusive ; all X 2 diameters. These figures represent a series of the pup® of 
Vanessa urticce, ranging from the darkest to the lightest and most golden 
varieties. Fig. 1, the darkest, is that represented by the degree of colour 
called (1) in the paper. Fig. 2, rather less dark, is called (2) in the 
paper. Fig. 3 represents the degree called (3). Fig. 4 represents a 
normal (4) ; while figs. 5 and 6 represent respectively the degrees of 
colour called normal (5) and exceptionally gilded (5). 

Fig. 7. Natural size. The yellowish-green and relatively gilded form of the pupa of 
Vanessa lo, obtained by the use of yeUowiah - green surroundmga 
Similar varieties occur on the leaves of nettle. 

Figs. 8 and 9. X 7. These figures represent the left fore- wings and the exposed p^fc 
of the hind-wings of two pup® of Vanessa uHicos, showing the relative 
amounts of black cuticular pigment p-esent (in the superficial layer of 
the cuticle) in two different varieties. Fig. 8 repr^ents the degiee of 
colour called (2), while fig. 9 represents that called light (3), The black 
parts of the networks alone represent black opaque pi^ent ; the less dark 
parts of the networks are not opaque, and let the light freely through 
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•wten they are examined as transparent objects; hence the amount of 
opaque pigment in the lighter figui-e (9) is very small indeed. 

Figs. 10 and 11, both X 7, represent respectively the cuticle of the left pupal fore- 
■cpiTigH of a grean and a grey variety of F" Hfisssct To, There is seen to be an 
immense difference in the ground-colour as well as in the amount of 
black pigment. The dark networks seen in these and the two last figures 
are purely cuticular in position, and were all drawn from the empty pupa- 
cases from which the imagines had emerged. The dentated outline within 
the margin of all the fore- wings, and especially distinct in fig. 11, 
corresponds to the shape of the imaginal wing which was developed 
under this part of the pupal wing. In correspondence with this fact, the 
pupal pigments are altered over the area where the imaginal wing will 
develope. The pigmented lines indicating the nervures of the imaginal 
wing really stop short at the dentated margin, but they are prolonged 
beyond as irregular lines of pigment which produce the deceptive 
appearance of uninterrupted continuity. It was necessary to describe 
the appearance thus fisr, but it is a subject upon which I am now at work. 
The object of the figures is to ^ve a representation of the relative 
amounts of cuticular pigment, and not to reproduce morphological 
features (viz., the venation, &c.) with exactness. 

Figs. 12 and 13, both X 2, represent respectively a dark and a light gilded pupa of 
Fahessa aialanta. Although the golden appearance is so much less 
diffused than in V. w'tiece, it is especially brilliant on the places where 
it does occur. These two varieties were respectively obtained by the use 
of dark and gilt surroundings. 

Figs. 14 and 15, both natural size, represent respectively a green and a brown 
variety of the pupa of Papilio maohaon. The green variety was 
obtained in irown surroundings, and the brown variety in ffi’eeu 
surroundings, and they are figured so as to indicate this relationship. 
Thus the species is obviously unaffected by the colour of its surroundings. 

Bigs. 16-21, inclusive, represent the colours made use of in experimenting with the 
larvae of the Pierid®. Fig. 16 = dark red ; 17 = deep orange ; 18 = pale 
yellow ; 19 s= green tissue - paper ; 20 = pale bluish - green ; 21 = dark 
blue. 

Bigs. 22 and 23. Natural size. The brown and green forms of the dimorphic pupa of 
Ephyra omtcromna. The colour of these pup» follows that of the 
respective larv®, and is unaffected by surrounding colours. 

Figs. 24-30, induMve, all X 2, represent types of the different vaiieties of the 
pupsB of Pieris irasdocB obtained in the experiments. Fig. 24 represents 
the darkest variety, called (1), a, the ground-colour being of a greyish- 
aranga ; the less dark, fig. 25, represents a greyish-green, (1), j8. Fig. 26 
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represents the less dark (1), y, possessing a dark greyish-green groimd- 
colonr, hnt -with an •unusual absence of black patches. Fig. 27 represents 
a (1), y8, ■with the normal black patches, but with the ground-colour 
unusually free from grey dusting, and therefore of a peculiarly bright 
whitish-green tint. This ■variety ■was produced in some instances by the 
use of a pale bluish-green background (fig. 20) and by means of a white 
background. Fig. 28 represents the bright yellowish-green variety called 
(2) in the paper, produced chiefly by the use of green tissue-paper 
surroundings. There is little black pigment present. Figs. 29 and 30 
represent the brigh^t-green variety called (3) in ■the paper, and chiefly 
produced by the use of orauge surroundings. The latter figure is an 
unusually bright variety. The black pigment is even more deficient than 
in (2). 

Fig. 31. Natural size ; a green pupa of P. rapcB, called (5) in the paper, but with an 
unusual amount of pigment, so that, if it were less green, it would belong 
to ■the degree of colour called (3). 

Figs. 32-41, inclusive, all X 2, represent the cliief varieties of the pupae of P . rapa. 

Fig. 32 represents the darkest variety, called (1) in the papa*. Fig. 33 
represents a (2), being very dark, but lighter than the last. Fig. 34 
represents a light (3), with the ground-colour distinctly visible thi-ough 
the smaller amount of pigment. Figs. 35—38, inclusive, represent various 
forms of the degree of colour called (4) in the paper, 35 possessing a 
greyish-white ground-colour, while 36 is distinctly pinki s h , 37 yello^wish, 
and 38 greenish, and forming the transition to the greener pupae next 
figured. The amount of pigment is seen ■to be very small in pupae of the 
degrees of colour called (4) and (5). Figs. 39-41, indosive, represent the 
varieties induded in the degree called (5), 39 being of a pale yellowish- 
green, and 40 and 41 representing two aspects of the brightest green 
variety. 
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XV. On tJie Homologies and Succession of the Teeth in the Dasyuridcs, with an Attempt 
to trace the History of the Evolution of Mammalian Teeth in general. 

By Oldioeld Thomas, British Museum {Natural History). 

Communicated hy Ih\ Gtoteher, F.R.S. 


Received April 4, — ^Bead April 28, 1887. 

[Plates 27, 28.] 

In’ the year 1867 a paper* 'was oontrihuted to the Royal Society hy Professor Flowee, 
“ On the Development and Snooession of the Teeth in the Marsupiaiia,” a paper •which 
became at once the standard authority on the subject, aud in which it ■was shown 
conclusively that among •the Marsupiaiia only one single •tooth ever had a deciduoTis 
or mil It ” predecessor, and •that this tooth "was one homologous throughout the order, 
and corresponding •to 'the last premolar of the ordinary Placental Mammals. 

This paper was followed by £iJiO’ther,t in which •fresh observations were recorded on 
the presence or absence of a tooth-change in the Marsupials and other Mammals, and 
notes made on the methods of too'th-nota’tion in use — a subject which naturally arises 
out of all investigations into the homologies of •teeth. 

Finally, in the arriole “Mammalia” in the new edition of the ‘ Enej^dopsedia 
Britannica,’! the same author has given a summary of our present knowledge on the 
subject, 'to which I am indebted for much information and assistance. 

In the course of preparing a systematic catalogue of the Marsupials in the Natural 
BBstoiy Museum, my progress was soon arrested by 'the necessify of xmderstanding 
and applying •the very complicated homologies of the teeth, many points on which 
being by no means finally settled by Professor Flower, and the other publications on 
•the subject being of a very vague and conflicting nature. The group whermn the 
greatest difflculty occurred was the Dasyuxidm, of which only one genus, Thyladnus. 
appears to have had its dental change properly described, and among whose members 
I have noticed several points that I believe to be worthy of publication, and fixim 

♦ ‘PM. Trans.,’ 1867, p. 631. 

+ “ on the Homologies and Hotation of the Teeth of the Mammalia,” ‘ Joum. Anat Phjmal., 

voL 8, 1869, p. 262. 

t Ninth edition, vol. 16, 1888, p. 849. 
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the study of whicli I have been led on to fonn a theoiy on the evolution and succession 
of the teeth applicable to the Mammalia in general This theory attempts to bridge 
over the ft vTHtmg gap between the Metatheria and Eutheria, and to show how the 
teeth of the one may have passed into those of the other. 

Before commencing, I must express my sincere thanks to Mr. R. Lydbkosr, to 
whose extensive knowledge of Mammalian Palmontology and its literature I am largely 
indebted, and with whom every point in the present paper has been folly discussed— a 
sifting process which has, I hope, eliminated some of the unsound conclusions to which 
I might have otherwise come. Throughout the course of my work he has taken con- 
sidemble trouble in obtaining information on various points, and this he has at all 
times freely communicated to me. I feel, therefore, that he should be credited with a 
very large share in the results, whatever their value may be, that are put forward in 
the present paper. I must also record the obligations I am under to Professor Flower 
himself, whom I have consulted on several points, and who has freely given me the 
benefit of his large knowledge on the subject. 

To confine our attention, first, to the Dasyuridse. In this family we find the greatest 
amount of variation in the extent to which the change of teeth takes place, some 
spedes having a well-developed successional tooth preceded by an equally well- 
developed milk-molar, while, on the other hand, others have no successional tooth at 
all, either in the milk or permanent stage. In this family also occurs Myi'mecoUus, 
remarkable for being the only known heterodont Mamm al normally possessing more 
than four true molars. 

This femily has also another and more vital interest for the evolutionist, arising from 
the presumption that it was in all probability the family in which the change from 
Metatherian to Eutbefiian occurred. This presumption is based partly on the very 
generalised character of the fomily as a whole compared to the other and more 
specialised groups of Marsupials, but chiefly on the stiikingly exact resemblance 
anirfing between the structure of the teeth of many of its members and that found 
both in certain of the “Oreodonta” or Carnivora Primigonia, among which it is 
generally supposed that the direct ancestors of the modem Carnivora should be 
sought for,* and also in many of the more generalised Insectivora, whose clnims to the 
parentage of other Placeutals have been advocated by Professors HuxuBYjt Pa rk , eb ,!|[ 
and others. 

The family Dacyuridm consists of the following genera, the respective numbers of 
theb premolars and molars being placed after each : — 


* See B. Lnsixw, ' Oafelogns of fbe Foesil MemioaEft in the Brituli Mnseam,* Peart 5, 1887, pp. 26 
(footoote) end 807^ 

t 'ZooL, Soo. Ptw.,* 1880, jk 657 end eiteewhere. 

7 ‘Phil. Tnne.,* 1885, p. 868. *'M!eimmnKen Deeoent/ 1885, p. 125 d aeq. 
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1 

Promolais. 

1 

1 

Holarri. 

1 

ThylaoHxns ... . . 

3 

4 

Sarcophilus . . ... 

2 

4 

Dasyurus . . 

2 

4 

Phoscologale .... ^ 

3 

(rarely 2 below) 

4 j 

Siuinthopsjs* . .... 

3 

4 

AntecMnomys 

3 

1 6 or 6 

Myrmecobiua. . ... 

3 


Nothing of importance seems to have been published as to the tooth-change in any 
of these genera, with the exception of Thylacinus, worked out by Professor Floweb. 
This animal has its sucoessional tooth, or “ pm^”t preceded by a distinct milk-molar, 
which is, however, never functional, and Ms out exceedingly early. 

In Dasyurus and Sarcophilus neither of the two premolars has a milk predecessor, 
and, owing to this, their homologies have not been finally determined, although 
Professor Floweb has acutely suggested, J judging only firom Kbbebt’s description § of 
his “ ChcBtocercus crHicauda" that it is the last, and usually changing, premolar 
which has disappeared, a suggestion which I am now in a position to prove entn-ely 

On Sminthojjsis md Anteehinomys I propose to make no remarks, as their dentition 
is palpably the same as that of the common members of the genus PJiascobgale, 
on which my chief observations have been made, and from which I shall afterguards 

return to DasyuTUS and the other members of the family. 

In Phmcologale the shape and size of the two anterior permanent premolara are 
always very constant, but the third and last, or pm^ presents us with a remarkable senes 
of gradations in size, gradations which prove that it is undoubtedly tins tooth that has 
altogether disappeared in Dasyurus and Sarcophilus, These gradations do not need 
detailed description here, especially as the figures (Plate 27, figs. 1-5) show them fm’ 
more intelligibly than any description could do. It is sufficient to ^y that m cmto 
species, such as PhasoologaU Virginia and penidUata (figs. 1 and 2), the tooth is 
larger and longer than pm^, and that from this size a perfect set of gradations existe, 
down to the minute and practically functionless tooth found in Ph apicaZw (fig. 4), 
while in two species even, Ph. oristicaudata and thorhscMma, the tooth is often 

altogether absent in the lower jaw* 


p»‘ wUta™, 0. »d 


poflitLon, may be. 

J * Joum. Anat. Physiol.,’ vol. 3, p* 277. 
§ •ZooL Boo. Proo./ 1866, p. 486. 
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As to the milk dentition, those specaes that have a large permanent pm‘* have 
a distinct tricuspid milk-tooth preceding it (Plate 27. fig. 6), and persisting until 
a comparatively late period of life. On the other hand, when the permanent pm* 
shows a tendency to disappear, the milk-tooth would seem to be first gradu^y 
aborted ; thus in Ph. doncB, where the permanent tooth is of a medium size, the milk- 
tooth is quite minute and functionless, while in the still smaller-toothed Ph. apiccdxs, 
and also in PJi. wallffcei, I have been unable to find any trace of a milk-tooth in the 
only young specimens available— the permanent tooth, however, as in the other species, 
still rising into its place considerably later than any of its neighbours. The actual 
calcification of this tooth seems also to take place much later in Phascologale than in 
any other of the tooth -changing Marsupials, so that the tooth is often not to be found 
beneath the bone until a very short time before its eruption. 

From these observations it is clear that the normal state of a member of the pi’esent 
group is to have three well-developed premolars, the last one of which has a milk 
predecessor. Then a tooth-reduction has taken place, all of which has fallen on what 
is evidently a peculiarly plastic tooth, viz., pm*, and this, with the milk-tooth 
preceding it, has been decreased in various degrees, and in the end altogether 
suppressed, as in the allied genera Dasyurus (Plate 27, fig. 5) and Srtrcophilus. 

Having thus found out which of the three premolars present in Phascologale has 
disappeared in DasyuTus and SctTcophilus, we have, before we can settle the proper 
homologies of even these three, to discover which of the full number of four premolars, 
still possessed by the Eutheria, has disappeared in Phascologale and other Maisupials, 
for it has always been the natural presumption that four, and not only three, was the 
oT igiTiftl typical number of premolars as much among the Marsupial as among the 
Placental Mammals.+ Since no' species now living, however, shows this number, that 
presumption has hitherto remained unproved, and still less has it been proved which 
one of the full set of four baa disappeared to leave the common number of three, most 
authors jnm|Hng to the condufflon that, as in so many Carnivora, it is pm^ that has 
been suppressed. Now, however, I am at last able to prove the first, and make out 
the second point to my own satisfoction, and to that of both Professor Flower and 
Mr. Lvdeeeeb. 

When looking at a somewhat abnormal skull of Dasywnis maculatus, I was struck 
by seeing a minute projection attached to the gum, hetxceen the two p^'emolars, and, 
bdng on the look-out for such a thing, I immediately suspected that it might be the 

*T]Ii 8 speoamen of Ph-jamteSlatayri^ milk dentiltioii, fimii whicL ike figure is dra'mi,liBe iis third molar 
up aad m plaoe, and. has a hand lengih of nearly 40 mm. as compared to about 45 mm. in fhUy adult 

apBciiiMiitB. 

f Aithongh some even of the higheat authorities look ttpon three as the iypioal or paj'ent nnm'ber of 
pnimolain tnthe Uusopiab; sae^ for example, Tomxb’ ‘ Dental Anatomy * (2nd ed ), 1882, p.^^, where, 
apart firam this pointy a moat excellent aoommt is given of the atroc tur e and devdopment of Maranpial 
teeth. 
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iTiiflHing premolar, present through ataviaru. I then turned to Phascologale, in which, 
as pm’^ is still retained, there seemed more hope of tracing the other missing premolar ; 
but here, in all the commoner species, the teeth fit so closel 7 against one another that 
a functionless atavistic tooth would have no chance of developing. In certain of the 
rarer Papuan species, however, the teeth, owing to the length of the muzzle, are more 
separated from one another, and, on extunining all the available examples of these, 
I was rewarded by finding on one side of the upper jaw, in a specimen of PA. dorsalis 
belonging to the Genoa Museum,* a large and distinct tooth (Plate 27, fig. 7) protruding 
from the gum between the teeth corresponding to the two anterior premolars in an 
ordinary Phascologale,^ and in exactly the same position, therefore, as the minute 
rudiments previously found in Dasyurus. The tooth itself is two-rooted, precisely 
similar in shape to the other premolars, and is of about half the size of the first 
premolar in the same species. This, then, was clearly the missing premolar, and that 
here was its most natural place is shown by the extreme frequency with which a 
mai'ked and prominent gap exists at this point in adult Marsupials, as, for example, 
in Didelphys, Pemmeles, and others. 

That the original typical number of preuiolars in the Mammalia was fom: is also 
strikingly exemplified by several of the earlier fossil Marsupials as, for example, by 
Triconodoii, which has the full cheek-teeth formula of four premolars and four molars ; 
by Cteiiacudon, Plagkiukix viimr, and others ; thus proving beyond question that 
the pm® discovered in the recent Phascologcile is really an atavism and not a mere 
meaningless abnormality. 

It results from t.liia discovery as to the position of the missing premolar that in all 
the numerous Polyprotodont], Marsupials with three premolars these are homologous 
with the first, third, and fourth of the normal Mammalian dentition, and not with the 
second, third, and fourth, as has ordinaally been presumed to be the case. 

For the abnormal specimen of Phascologale dwsalis we therefore obtain (on one side 

only) the following premolar formula : — .M. ^ j , from which the suppr^sion 

of the upper pm® gives us P.M. the formula in Thylacims, Phascologale, 

* For the loan of which, aad of a large series of other Papuan spedmeus, I have to thank my friend, 
ike Mawjnie G. Doria, Director of that MuBeum. 

t Compare the teeth of the other side in the same specimen (Plate 27, %. 8, reversed) for the oorres- 
pondence between tbe difEerent premolars. 

t As to the Diprotodonta with three premolars, although, on the one hand, in the Mesoasoic Flap- 
anladdo it waa dearly pm^ that was first lost, yet, on the other, the positions of the premolars in certain 
of the modem Phalangistid® are snoh as to raise a suspicion that they also, hko the Polyprotodonts, have 
lost pm» rather than pm^ ; hut in any ease the loss haa been independent of that in the Polyprotodonts, 
both groups having had four premolara some time after their sepaavition from one another. 

§ I have found this method of writing dental formnlte far superior to the ordinary one, as by it, not 
only the numher, hnt the homologies of the teeth are clearly shown. Each tooth has its serial number, 
which is written in if the tooth is present, but is replaced by a cipher if not. 
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Pmmdes, and Didelphys, and from which again we obtain, by the disappearance of 

, -r, -Rr 1 • 0 • 3 . 0 

pm'*, that of Dasyurus and Sarcophihis, namely P.M. ^ q . 3 . 0' 

Turning then to UyrmecoUus, with its eight or nine cheek-teeth, of which only three 
are commonly reckoned as premolars, I examined several young specimens in order to 
aee if this animal, like the abnormal Pliascoloyale, had not really four premolaxs, as no 
exact observations on it had been published, and the usual determination rested 
merely on the shape of the teeth. In fact, even if no tooth-change coidd be found, it 
seemed possible enough that the small tooth commonly reckoned as the first molar 
should be really a persistent milk pm*, the permanent tooth corresponding to it having 
become aborted,^ This theory, however, I have been able to disprove by the exami- 
nation of such ajaw as is shown in Plate 27, fig. 9. Here we find that, of the whole set 
of cheek-teetib. (premolars and molars), the first, second, fourth, and fifth are fully up, and 
all much on a level with one another, while, on the other hand, the third has scarcely 
penetrated the gum, and stands therefore far below the level of the rest. Hence we 
see that this third tooth, by its very lowness of position, or rather lateness of develop- 
ment, is certainly the true pm*, even without there being any milk-tooth above it ; for, 
b«d it been pm®, it would have been at all stages, as with other animals, fully on a level 
with the teeth next in front of and behind it. Of a milk-tooth preceding this pm* I 
can fin d no trace whatever, although it is possible that, considering the very rudi- 
mentary degree of devdopment in which the milk-tooth occurs in the Thylacine and 
K<MJa,t it may yet be discovered in specimens younger than have yet been examined. 

10.3.4 

The correct formula of the cheek-teeth of MyrmecoUxis is thus P.M. ' q ‘ 3 
M. i n a t K g 5 therefore, so fer as regards the premolars, identical with that 
of Phascologah and Thylacinm. 

As regards the iudsors, two specimens of Myrmecobiiis in the Natural History 
Museum present the interesting anomaly of possessing four instead of only three lower 
incisors, the extra tooth being in each case clearly i^i — a fekct which proves what has 
generally been prMumed to be the case, viz., that it is the fourth incisor that has 
disappeared in ordinary tbree-incisored Mammals. 

This completes the list of the living Dasyuridse to be refmred to, but one fossil 
Marsupial, perhaps referable to the same family, and, although nearly the oldest- 
known Mammal, strongly resembling the modem Phascologah, Has a dentition of so 
intwestmg a character as to call for special notice. This is the Triaoanthodon semda, 
daectibad by Sir B. OwBwi from a sdngle bwer jaw found in the Mesozoic Purheck 

* A prooBsa which, u noted below, p. 451, has takai place in certain Flacentals. 

t Tbonuis, *ZooL Sod. Froo.,’ 1887, p. 888. 

t ‘llhmmBEaoft]»MefiosnioForiaationa’(PaIeontpgiaphioalSooiei 7 ), 1870 (pnh. 1871), p. 72, PI. V?., 
figs. 7Bad8. Mr. ItiBJMimt (* Oatalogne Fosml IffammaliaBrit. Mas.,* vol. 6, p. 258) considers this fossil as 
not generieallj, or even apedfioatlj, sopatable from Triemoim mordax, Owih, described at the same time. 
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beds of Swanage, Dorsetsbire.* An examination of this solitary lower jaw shows 
what is, considering the immense antiquity of the species, rather a startling fact, 
namely, that it had. an absolutely identical tooth-change to that found in modem 
Marsupials. This fact is shown most dearly by the typical specimen, which happrais 
fortunately to be in precisely the right condition to show it, namdy, with the milk- 
premolar still in its place in the jaw, while the permanent pm* is dearly visible buried, 
in the bone beneath (see Plate 27, fig. 10). The milk-premolar is not small and 
nearly functionless, as it is in Phascologale, but is nearly as large as, and is very 
pi‘Tni1fl.r in shape to, the first molar standing just behind it. This andent and remark- 
able fossil gives us, therefore, the one stage earlier than the abnormal Phascologale 
above described, having, on the presumption that its upper jaw resembled its lower, 

the full premolar formula of P.M. ^ ^ ^ ~ all the teeth equally well devdoped, and 

the fourth one with a large and functional milk predecessor.t 
We may now consider this history of the evolution of the premdars of the 
Dasyurid® as fairly proved, and may represent it diagiammatically as follows : — 


Fiff.l. 

P.M. 
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In this diagram the permanent teeth are represented under their respective serial 
numbers by a V if present, and by an O if absent, while the milk-tooth is similaily 
shown by a shaded U if present, but is altogether unrepresented if absent. 

We win now pass firom these details of individual species to the larger question as 
to the steps by which the primitive ancestral set of Mammalian teeth has become 

* Tliis specimen is also referred to ty Profesaor Ftowsn in an address to the Odontologioal Sodety 
COdoniol. Soo. Trans.,’ vol 8, 1871, p. 220). and he there, on the then cnverified aasnmptiaa that it 
possessed s dhanging pm* made certain remarks on the probable direction of the evolution of a 
Diphyodont dentition— remarks which all the evidence at my disposal most folly bears out. 

t As Professor pLOWHEhas pointed out in bis paper just quoted, the type-spedmeo of Tr^odon oeaaor, 
Owmr (figured op. eft., PL IV., fig. 2), found in the same beds, also shows traaeB of having bad a ohmigi^ 
pm* tbe latter tooth being very markedly retarded in development, as if a milk ° J 

just beau lost from above it. There seems, in fact, to be every reason to snppose that aU the ^beok 
PolyprotodontB liad a mynTlikT tooth-ohaDge, judging from saoli indications as may be ga m 

relative positiozia of ibe teeth* 

B. 3 m 
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modified into the very various forms of modern dentition, and especially as to the 
passage from the Marsupial to the Placental style of dentition. 

The first and moat fundamental question that arises is this Is the rudimentary 
tooth-change now found in the Marsupials the last remnant of a complete change present 
both in their ancestors and in those of the PlacentaJia, or does it repres^t an e^ly 
stage in the first formation of such a complete change, the Marsupials being still in a 
backward condition, out of which the Eutheria have long ago passed 1 

To my TYi^Tid it is perfectly clear that it is the second and not the first question 
aV>r>n1d be answeted in the afBlrmative ; although, so far as I can find, all the 
Continental and many of the English naturalists think the opposite — a view, however, 
that, although easy and obvious at first sight, I cannot for one moment believe to be 
corr^. When we consider that in every character of their organisation the 
Marsupials are infinitely behind and at a lower stage of evolution than the Placental 
it would appear to be a total subversion of all the ordinary rules to 
suppose that in this one character of their dentition they should have passed on in 
advance of afl the other Ma.mTnalH, and, having gone through the condition in which 
the latter now are, should have again nearly evolved away that process of tooth- 
change which is to its Placental possessors so evidently advantageous. It would be 
to my mind inconceivable that this should be the case, considermg how universal 
among the Eutheria a more or leas complete tooth-change is, and bow useful it has 
proved to be to them, as evidenced by the very feet of their so wholly supplanting 
the more lowly organised Marsupials — ^more lowly organised in their dental as well as 
in their other characters, and Aot further advanced, as would have to be presumed 
were thtii teeth looked upon as a later development of a fully Diphyodont set. 

And again, the mere fact that five out of the six families of Marsupials, natives 
both of Australia and America, have, with the comparatively unimportant exceptions 
already noted as occurring among the Dasyuridfie, arrived at precisely the same stage 
of tooth-change is itself a very strong argnment in favour of the view now advocated ; 
for, were the modem tooth-change a remnant of a fuller one, we should naturally 
expect that, under the very various conditions of the struggle for existence, equally 
various degrees of redaction would have been attained to. On the other hand, we 
should be most unlikely to find, as is now the case, more than 90 per cent, of the 
existing and fossil Marsupials changmg one single tooth, and one only, and the small 
remainder merely diffeiing from them in a direction away from and not tovirards that 
fuller tooth-ehange of which it is ssud their ancestors were once possessed. 

Of the one form of evidence needed to give any weight to the oppotite theory, 
namely, that derived from Palseontology, there seems not to be one atom, no fossil 
Marsupials having ever been found showing traces of a larger amount of tooth-change 
fhan ihe recent onesi nor do I think such a discovery likely to he made, as, to the 
best of my belief, no such animal has ever existed. This view is very much 
strengthened by the &et that, as already noted, one of the oldest Ma.mmB.lfl known, 
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the Mesozoic Triacanthodon, had precisely the same, and no more, tooth-change than 
the modem Marsupials. 

For these various reasons, therefore, we may, I think, take it for granted that the 
aucestore of the Marsupials never had at any time a more complete change of 
dentition than they have now, and that they arrived at their present state at an 
immensely early period, since which time they have as a whole practically stood 
stiU, except that a few isolated forms have, comparatively recently, lost again even 
the pTTtfl.n amount of change they once possessed. 

The second question, and one equally vital, is as to whether the milk set of teeth 
is the original primary set with the permanent one superadded to it, as believed by 
many naturalists, and especially by embryologists, or ince versd: a question with which 
Professor Flowbe has dealt in the first of his papers above referred to.* His 
conclusion was that the permanent dentition was the original one, and that the mi lk 
set had been afterwards developed as an addition to it — a view to which, although 
inclined at first to disagree, I have now become a firm adherent. To this opinion I 
have come by fi riding the impossibility of working out the general homologies of the 
teeth on the basis of the opposite view, and by the comparison of an infinitely larger 
number of specimens of various sorts than even Professor Flower had access to. 
The chief cause of the prevalence of the opinion that the permanent dentition is a 
later development than tlie milk is the deceptive appearance presented in the early 
stages of tooth- development, when the germ of the permanent tooth is first seen as 
a bud growing out from that of the milk-tooth, whence it has naturally been supposed 
that the latter was the primary and the former the secondary development. Even 
should this appearance of budding off, however, be entirely correct— and the feet 
itself is strongly denied by R BAUMBt— it may be argued that, considering the 
uniform direction of the evidence drawn firom later stages, there is no sufficient reason 
to deny the poasibiliiy of a secondary organ, whose very raison d’etre, as in the case 
of the milk-tooth, is its speedy and precocious development, so overshadowing in 
size and rapidity of growth what is really the primary as to make the latter appear 
as its bud, and therefore, although falsely, as a secondary and subsidiary growth. 

A second, apparently adverse, argument may be drawn from the few instances 
known of milk-teeth t developed, and xemtdning through life, without having, or 
only rarely having, true permanent successors, as in the anterior premolars of the 
Proboscidea § and some of the Perissodactyla, J but these axe clearly due to the teeth 

* ‘PIul. TrajoH.,’ 1867, p. 689. 

t * Odontologisolie Eorschungau : VarBiicli. einec En-twickeloiigsgeBchiolits des Gebisaes, 8 , p. 

j J.e,, the homologuee of the oorresponding inili^, and not peirmanemt, teeth in the aUied speoies. 

§ B.Im)aKB3B,* Oat Eoss-Mamm. Brit. Mne.,’ Part 4^ 1886. p. rii) 

II B. Ltdekebb, ‘Bengal, Aaiat. Soo. Jonra.,’vol. 49, 1880, p. 186. Thia intepprotation by 
Ltdebxeb of the homologies of the non-ohanging pm' in the Bhinooetcosea has been called in qnesiion, 
but his oridenoe, drawnfrom an abnormal Bhinooeros skull in tbe Oalontta Museum, Beema to me to be 
fully Buffioient to support the oonduBions he came to — oonduBions with which all the BpemmeuB that I 
have seen quite agree. 

3 M 2 
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having passed through a complete cycle of evolution, the “pennanent" tooth first 
developing, then having a milk-tooth superadded to it, and finally aborting itselt and 
leaving its milfe representative still persistent. 

These two questions answered, we come to the consideration of the phenomena 
observable during the growth of a milk-tooth above its permanent successor ; not the 
early and embryological ones, into which I do not propose to enter, but such as may 
be studied on the rich material of skulls of different ages available to me in the 

collection of the Natural History Museum. 

Taking now the skull of a tooth-changing Marsupial in which the first teeth are just 
appearing, we see that the single milk-premolar* comes up at about the same time as 
the true permanent premolars anterior to it j that the first molar quickly succeeds and 
the other molars follow, but that almost invariably, whether there is a change or not, 
the true pra'*' is considerably later in its development than the other teeth, and, 
especially, than either pm« or m^ In the original production, therefore, of a milk- 
tooth above one of the other teeth, say pm®, whose summit is, to commence with, 
fully equal in bright at all stages of development to the sxunmit of the milk-tooth of 
pm* p fa-Ti/Iirig juflt behind it, we see that a change of position is necessary in this pm® 
before a milk-tooth can be developed over it, a change which can apparently only be 
brought about by the retardation of its growth, and its approximation thereby to the 
state in which pm* now ia 

Should this supposition be true, we should expect to find that, anterior to the first 
appearance of a milk-tooth in any group, specimens would be found showing a 
prriiminary retardation of the individual teeth over which, in a later generation, 
milk-teeth were to be developed. The difficulties in the way of understanding how 
the OTdinary process^ of evolution can have first brought about such a prelinunary 
retardation are, of course, considerable, unless it be that the retardation is itself a 
fiivourahle character, by its preventing the undue crowding of the young animal's 
mouth, while, at the same time, the full number of teeth are developed for use by 
the adult. In this case it would be comparatively easy to understand tbe assumption 
of a TTiilk dentition by the two steps, eaoh favourable in itself — (1) of a retardation 
for packing purposes of the permanent tooth in some lai^e-toothed form, followed, in 
a later generation, hy (2) the temporary development of a deciduous tooth in one of 
its descendants with the teeth so small that the gap in the tooth-row during youth, 
inherited ficom large-toothed ancestors, had become a defect to be remedied in this 
most effective maimer. 

Turning now to the actual faote, we find that there is among the Marsupials a 

* It seems better to use this term rather than milk-mblar,’' ea the milk-teeth have nothing to do 
mth tim irae molan, and that name is, therefore, prodnotive of constant confusion. And, again, the 
use of tbe void “decidncns” instead of “nuik” seems to be inadvisable, as both the molars and pre- 
nudacs of the second set are often thamselTes deoidnons, vbilB eccssionally those of the first or milk set 
remain tinongbont life. 
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liitherto uimoticed, but most striking and peculiar, retardation in the development of 
the first upper incisors in all the three Polyprotodont families, these fiimilies being the 
very ones in which, as the incisors are not so specialised in another direction as are 
those of the Diprotodonts, we should most expect to find traces of the development 
of Tnilk iacisors. In half-grown specimens, such as those of Sarcophilus urdnus and 
Fhascologale walloicei (figured Plate 27, figs. 1 1 and 12), at a time when the three outer 
incisors are fully up and in use, the first pair, the largest in the adult {Fh. wallacei, 
fig, 13), are still quite minute, with their points only just projecting above the bone, 
n.T>d altogether in a very marked condition of retardation. And the same appears to be 
the case in young specimens of Didelphyidm, PerameUdse, and other Dasyuridee, in 
many of which the first incisors in the fully adult animal are by far the largest of all. 
The theory now suggested, therefore, about these Marsupials with retarded first 
iacisors, is that they represent at the present day the stage at about which the 
common ancestors of the Metatheria and Eutheria diverged from each other — a stage 
when the teeth were, as it were, preparing themselves for the assumption of milk 
predecessors, a process which has in the latter group been continued onwards until 
the complete Diphyodont condition has been attained. On the other hand, in the 
former the process has, except in the case of pm*, never gone beyond the initial stage 
of the retardation of P, a stage which has itsdf been continued owing to its own 
inherent value. 

Eor t.big view as to the first incisors it may also be urged that the most likely of all 
the teeth to undergo a marked alteration of any sort would be those at the extreme 
ends of the series, judging by the manner in which, throughout the M a mm a li a, the 
first incisor and the last molar show themselveB plastic in readily taking on characters 
not, or only much later, found in the neighbouring teeth. 

Before leaving tluH subject, I would wish to point out that it is by no means essen- 
tial to the general views here advocated that this suggestion as to the first indsors 
should be correob, but only that, as some tooth or other must have been the first to 
follow the example of pm* in developing a milk predecessor, the first incisor, even 
apart from its retardation, is at least as likely as any other to have been that tooth, 
while on this theory we also gain a possible explanation of the same very curious 
retardation. Should, however, future palaeontological research show that any other 
tooth, say the canine or pm», took on a milk predecessor before it would only 
disprove the present suggestion without in any way invalidating the genOTal con- 
elusions com© to. 

In order now to put into order the various suggestions above made, and to utiliOT 
them for the purpose g£ making out the past history of tooth evolution, we will 
commence by drawing up diagrams on the same principle as in fig. 1, but the who^ 
set of teeth, instead of only the premolars, is taken into account (fig. 2).* Here iV. 

• In these diagrams and their explanations the teeth of the upper jaw only are referred to, as it is 
there alone that, owing to the presence of the premaxillo-maxilkry sutnie, the true relatione of the 
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represents a generalised Marsupial dentition with five incisors * four molars, and four 
premolars, of which the last is retarded, and has a milk-tooth superadded to it. The 
next advance on this in the Placental direction would be V., obtained by the retarda- 
tion of P arid the suppression of i*, a stage exactly represented in the abnormal Phot- 

Fig. 2 . 
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cohgole above desorihed. Then, if the above theory is correct, should follow, first, 
VL,t where the retarded P has developed a milk predecessor, and i* and pm® are 
retarded ; secondly, ViL,t in which the devdopment of milk-teeth has extended from 
in front backwards and from behind forwards, and i* has dropped out ; and, thirdly, 
VIH., which would be Just sudh a generalised Placental dentition as is now possessed 


teeQL call lie wads oai witli ceiiainfy. But wlarterer oliangeB the upper teeth, haye pi iBfffd through 
aiiiBfc of ueocadi^ h«re aHao been undergone, pow poatu, by ihe lower. 

* Asia IXde^h]^ and atnuB Fmmdm. 

t Soma of the ramiflcati^ of these intemediate stages vuty be represented by oaftain of tbe Booaus 
Cinodonia of Korih. Amenca, as, for eocamjde, by Trwodcm qmmreiuu, Cora, ‘ Amerioan Katundut,’ 
toL 15. 1881, p. 6S7 (figured op. «f., yoL 18,1884, p. 257), wbioh is said to have ohangedite two 
poeteiior premntan on^, but the published deaoripfionH of this interesting foaeil and its are so 
inoomplatesnd oonfusisg that R is diflhjult to obtain any exset idea of their dental dhaxaoten. It 
must ^ to noted ttot,althongh Prafessor Cora loots upon and argues ftom Triitodm as ananimal only 
ohaaging its prf and pm* there appears to to no eyidence that it did not also change its pm* oamne 
and inoSwra, lito JETimmedm and the Oamiyora of the puaentday. 
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by Otocyon,* viz., three indsors and one canine, all changing ; four premolars, of which 
the last three change ; and four molars. Finally, IX. is the still further development 
shown in the Tapir, Hyrax, and one or two other forms, in which pm^ also changes, 
and, as in the vast majority of Placental Mammals, is lost. 

If, now, we attempt in the same manner to trace the history of the tooth-changes 
upwards to the earlier forms &om the Marsupial dentition, instead of downwai'ds to 
the later ones, we obtain a diagram as follows : — 

Here IV. is, as before, the generalised Marsupial dentition, as already described 
TTT. would then be the stage preceding it, where one or more additional posterior 
molaas are still habitually retained, and where the milk predecessor to pm* has not yet 
been developed, although that tooth is in the preliminary stage of retardation. In 
II. we get back to a condition in which the teeth are about equal to one another in 
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their rate of development, none being retarded, and only show a commencement 
or first sketching out of the division into canines,t premolars, and molars by a 
lengthening of the anterior and a broadening of sever^ of the posterior masillary 
teeth. Finally, in I. the teeth would have been of a purely homodont character, only 
divisible into five premaxillary and a variable number of maxillary teeth. (K these 
maxillary teeth, it would seem to have been generally the fifth (— pm ) which first 
developed a milk predecessor, and thereby became, with the three non-caninifotm teeth 
in front of it, a “ premolar.” Where the maxillary teeth exceeded nine, the increase 

• Whether this animal has retniDed to, or retained, its ancestral nnmher of molars is stfll donhtfn; 
hnt it presents, in anj case, an interesting example of a stage of dentition through whiA the hne 
Haoental Mammals must hare passed. ( 0 /. HnxLBT, ‘ ZooL Boo. Proc.,’ 1880, p. 256 ^0 

t Although, as urged b 7 M 08 KLiT aud Lautkbbtbe (' Joum. Anat. Physiol., voL 3, 18^, p. 
oanine is not essentially a distinot tooth from the promolatB, yet it was eTidently very early speoialisad, 
aa ia shown by anoh forms as the Mesoaoio Stylodon ptuUbu, OwsN. 
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appears to Have boon wliolly in tb© numbBr of tbe true molars, and not of the pr© 
molars, as is particularly well illustrated by the early representatives of the many- 
toothed Odoutocete Cetacea,* and also by the great majority of the Mesozoic Mam- 
malia, many of which,t while still having only four premolars, have from five to eight 
true molars. In feet, the earliest forms seem to have normally had a considerable 
niunber of molars, but these were soon reduced down to four in the Metatheria, and 
later to three or less in the iEutheiia, leaving a few isolated forms,]]! with larger 
numbers as remnants, retaining what the common ancestors of all had once possessed. 
Two only of the many described genera of these ancient forms have been said to have 
more than four premolars, namely, Amphitherivm and AmphUestes, each described as 
having wir premolars and molars § j but, as even this deterimnation is disputed,! 

ia any case rests entirely on the form of the teeth, and not on a knowledge of 
their manner of changing, it can hardly be said to prove incorrect the practically 
universal rule that the typical number of premolars is, and has always been, at least 
since middle Mesozoic times, four, and four only.*! 

Whether the teeth in the first stage of all were rooted or rootless is very doubtful, 
but the probability seems to be on the whole that they were simple conical teeth, 
rootless for part, if not the whole, of the animal's life, and possibly not unlike those 
now possessed by some of the Da^odidse.** 

This first stage in the Mammalian dental series would probably very fairly repre- 
sent, so fer as can be judged, the dentition of the Prototheria, the toothed and gene- 
ralised ancestors of the living, and now highly specialised, Monotremata, which 
there is every presumption for believiug, as Professor Flower has pointed outjti were 
for some time both Homodont and Monophyodont. 

If we now combine these diagrams and tabulate the various processes and examples 
already d^orihed, we obtain (Plate 28, I. jn IX.) a complete diagram of the tooth 

• Squciodim, -nrHoh. Las the foDoiriiig fomula L 1 0. P.M. ^ M. f X 2 = 60. PtowsB, ‘ Enojal. 
Brit.* 9th edit., Article "Maanmalia.” 

t JS.g., AiAigroSon ntaRW, Btyhdon funUtu, Sso. See OwsK, ‘Meeozoio Mammailia* (Falesontogr. 
Soi^, 1870), 1871. Plate 2, figs. 6, U, and 17. 

$ B.g., MymeaAbu, Btttonyia, srhich has not infteqnentlj filve trae molats, and the many-toothed 
Edentates. 

§ Ovxr, Zo& ett^ Plate 1, figs. 21-23. 

jl Ltoibebb, * Cat. Foss. Mamm. Brit. Mns ,’ Part 5, 1887, p. 271, footnote. 

^ A single instance is, howeror, kno^m to me of s true Heterodont and DijAiyodant Mammal with five 
premedars, namely, Skwogah ndkri, Gbit, a member of the Herpestine section of the Yiverridse. Of 
fids nmarkaUe speeus, howerar, only one shall is as yet known (fignied * ZooL Soo. Proo.,’ 1864, p. 674), 
BO that no positive dsdnotions can bo drawn from it. It may be eifiier that the sapemnmeraxy premolar 
18 a mote seadenfai dnplication of one of the other piemolars, or that one of the milk-premolars has heen 
retSKied in poRfion, bnt fitese points tmn only be settled hy the agr«»-Tni'n«.<nrttt of farther speoimetis of tbe 
spedes. 

•» fieeB«aiM,fl».4j8.,p.l50,4tt 

ft ^OdoBfiol. Boa. VtauL,'' toL i, 1871, p. 221. 
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changes that have taken place from the earliest Pxototheiiau form (I.) down to such a 
ftiUy developed Diphyodont dentition as is now possessed by Twpirus (IX.), from 
which again, or more directly from Vlll., there have arisen, by the difrerent processes 
of tooth variation, all the numerous forma of modem Eutheiian dentition as exempli- 
fied on the diagram by X. (Mephaa)* XI. {Hydromys), XU. (Felis), or XIII. 
(Ghiromys)^ 

Again, working in another direction, we can obtain an idea of the tooth evolution 
that has taken place in the Marsupials by starting from the “ generalised Marsupial ” 



stage represented by IV. in figs. 1 and 2, at which point the direct evolution of 
Diphyodontism was in their case arrested, and drawing up a siTml a r diagram (fig* 4) to 
those already given. This diagram, however, is quite simple, and only depends on the 
loss or variation of individual teeth, and therefore does not need any detailed expla- 
nfl.-f.inn beyond what is placed rmder hhe headings of “ Process ” and “ Remarks in 
the diagram itsdf. The position of this line of dental evolution in the general ^stem 
is shown on Plate 2 under the heading of “ Metatheiian branch. 

• No evidenoe as yet esistB as to -wMoh of the three inoiBorB is represented by iJie Elephant’s tosh, 
wbioli is liere only proTisionally called i^. 

+ See Pbtbbs, ‘ Berlin, A^bcad. Abhaiidl*,* 1865 P* ^ 

t Of course it is not pretended that the dentitioiis of these animals are directly descended from one 
another, hut the diagram serres to show by -what steps any mdiridual dentition m&y have been evolved 
from the generalised type. 
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Of the other iMaTrimalTMi orders all fall easily enough into their places in this 
scheme,* with two exceptions, namely the Cetacea and Edentata. As regards the 
first, the general drift of the evidence seems to be that their ancestors have passed 
through a stage with a more or less complete milk dentition, which has gradually been 
again aborted,t its place being taken in the Odontocetes by the large and quasi- 
vegetative increase in the number of the molars, and in the Mystacocetes by the 
baleen, which latter has so fulfilled all the requirements of the animal that the “ per- 
manent ” or original dentition has also been reduced to the position of a useless atavism, 
shed or absorbed before birth, and not playing any functional part in the life of the 

In the Edentata, on the other hand, we find, as is well known, charanteiTstics wholly 
at variance with those cf all other Mammals. In fact, a study of the teeth of this 
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order soon induces a bdief that the variance is so great as to predude the possibility 
of the Edentates lying within the same lines of development as other Mammals, 
a belief that tallies exactly with the conclusions of Professor Pab&bk, j; drawn fi'om 
the embryology of the group. 

With this idea we may look upon the dentition of the Edentates as also based, like 
that of other Mammals, on Stage L of the diagrams (fig. 3, and Plate 28), but modified 
in a difi^ent diceotion, and one peculiar to itself. Working out this suggestion, as 
before, by mesne of diagrams, we hawe the same Stage I. (fig. 5, a), in which the teeth 
are ample, and only divisible into five premaxillary and. a variable number of maxillary 


* Excefpb Hbak, of cooxee, immjneiablB |«roblems sfaU renuim to be settled as to wbicb of the typical 
number of teeth are present or have dieaj^eaarad in the diSarent gronps. This is, however, merely a 
matter of detail, and does not affeot the s(dieme in general, 
t Of. Enotm, * Jonm. AsaiL PhyeioV voL 3, 1869, p. 871. 

* Phil Trans.,’ 1885, p. 116. ‘ Mam-mriian Descent,* p. 97, 1886. 
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teeth- Then, with merely the slight modification of the loss of the first four pre- 
mstxillaiy teeth, we get /8, the dentition, of Dasypus; next, by the suppression of the 
last premaxillary tooth as well, we obtain y, that of Xemirus, Tolypeiites, and 
Chlomydophoi'us. Then, on the one hand, a simple increase * of the number of the 
maxillary teeth fco 20 or more results in 8, the dentition of Priodon, and, on the other, 
a similar decrease to 5 in that of Bradypus and its allies, both recent and fossil (e). 
This reduction is then carried out to its extreme in Myrmecophaga and Mnnis (Q, 
both entirely toothless. Finally, y based on y, with the superaddition of a nearly 
complete set of milk-teeth, gives us the remarkable and unique double dentition of 
the genus Tatiisia. 

Should this view of the derivation of the Edentata be correct, it is evident that 
their line of development should have a name corresponding to the useful evolutionary 
terms suggested by Professor HuxLEYf for the great Mammalian groups, and since 
almost universally used. I would, therefore, altogether remove the Edentates from 
the “ Eutheria ” and call them the “ Paratheria,'* to indicate their position by the side 
of, bub separate from, the other Mammals. 

One genus of Edentates has not been mentioned, namely Oyycteropus, with its 
extraordinary canaliculated compound teeth, wholly unique among Mammals, and 
only comparable to those of certain Fish. I can, however, at present make no sugges- 
tion as to the origin or evolution of these teeth, there being as yet no evidence bearing 
upon them in any way. 

Putting now together all the diagrams above worked out, we obtain the general 
genealogical Table (Plate 28), in which the three great lines of development are shown, 
viz., the main Proto-meta-eutherian stem, I. to X l I L , at the bottom of which all the 
modern Placentals stands I.— a to the Edentate or Paratheiian linej and L to 1 V., 
and from IV. to IV.— A, that of the Marsupials. 

The influence that these theories, if correct, will exercise on tooth-notation is a 
matter of detail which will require proper working out in each group; but it is 
evident that such generalisations as that missing incisors axe always gone from the 
posterior and missing premolars from the anterior ends of the series are quite 
untenable, and that every group must have the homologies of its teeth worked out 
for itself, and not merely put down under the influence of any such general role. 
This influence has even caused such eccentricities as the numbering of the premolaxs 
from behind forwards, a proceeding which would, for example, result in the two 
premolaxs of Dasywnis being called (from before backwards) pm and pm , instead 
of, as they have above been shown to be, pm^ and pm® respectively. 

Having now put forward the views gained by my own examination of specimens, 
there remains to be noticed the other published work on the subject. The numerous 
contributions to the history of teeth made by Sir EiOHAitD Owen during the last 60 

* Or, perhaps, rathera letentian of the numeroTifl teeth no douht possessed hy the earliest Prototheria. 

*ZooI. Soo. Eeoo.,’ 1880, p. 653 et teq. 
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years are so weU known as to need no more than a passing mention from me. In aJl 
questions of fact, especiaUy in connection with the fossil forma, I have gained great 
assistance from them, an assistance for which I must make my due acknowledgment. 
Of Professor Flowbb’s papers, already referred to, it need only he here remarked that 
every opinion he expressed has been fully confirmed, and that any advance on his 
papers is due to the examination of a far larger series of specimens than were a,vailable 
to him-^ examination carried out very krgdy on the lines indicated by him. To 
Mr. C. S. Tombs’s invaluable work, * Dental Anatomy, I am also largely indebted for 
information in regard to the growth and early development of the teeth. 

Of the more recent foreign contributions to the subject, the most important are 
those of Professor E. D. Cope* and of Dr. E. BAUMEt ; but the differences between 
their views and those now brought forward are so considerable, and involve so much 
detailed argument, that a criticism upon them would here be out of place. It must, 
therefore, suffice to say that their respective views on the descent and homologies of 
teeth have been fully taken into consideration during the preparation of the present 
paper. 

In ft nnftlnaiftTi, as it is to the general advantage that tnie theories should be con- 
firmed and xmtarue ones soon exploded, I have thought it usefiil to draw up a few 
notes on the possible or probable discoveries relating to this subject, in order that 
they may be looked for and their true bearing understood by persons interested in, 
and having opportunities for Tnaki-ng observations on, tooth-homologies. 

1. The discovery in a recant Marsupial of a milk-tooth preceding one of the per- 
manent set other tha-Tt pm*, and espeoudly P. This discovery, although unlikely to be 
made, would on the whole be confirmatory of the views above advocated, as it would 
show that the process of the formation of milk-teeth is still going on in the Marsupials 
on the lines be^eved to have been followed by the common ancestors both of them and 
of the Eutheria. 

2. The some in a fosril, undoubtedly Marsupial, and in its other characters allied to, 
and perhaps anoMtral to, the living forms. This would be obviously entirely fiital, as 
it would show that the view as to the Marsupial tooth-change being a remnant and 
not a commencement of a full change is, after all, the true one. On the other hand, 
it is just possible that some of the extinct Marsupials may have antedated the existi ng 
species in the formation of a fuller milk denritaon, and have then died out from some 
unexplained cause. A faQ, and not a rudimentary, tooth-change in a fossil Marsupial 
would, therefore, be the best and most final disproof of my views. That such a dis- 
covery, however, will ever be made, I cannot believe, eqtecially considering the 
astonishing persistence of precisely the same amount of tooth-change from the 
Mesoanio to the modem Marsupiala 

* Bapeocs in tiba * AjneHoati * Proceedings of tlie American Pliilosopliical Booieiy/ and 

dsewhene. 

t * Odontolog&kdie Porab hnn g gn ^ — Y erencli emer Entniriokdiingsgesc^ohie des Q'ebiENsee,* 1882. 
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3. Eossil Eutherian Mammals, showing an intermediate degree of tooth-change 
between the modem Eutheria and Metatheria, would obviously he higlily favourable to 
the views now put forward as furnishing some of the intermediate stages corresponding 
to those above called Stages VI. and VII. 

4. The discovery of a rudimentary successor to any of the premolars or other teeth 
now unchanging in the Marsupials. This also would be fatal, as it would show that 
it is, after aU, the permanent and not the milk set of teeth which is superadded. 
It is, however, possible that at the first commencement of the assumption of a fuller 
change by the Marsupial ancestors of the Placental M amma l s the Marsupial, characters 
of inflected jaw, imperfect psJate, &c., were retained for some time after the 
rudimentary tooth-change had been improved upon. In some Mesozoic fossils, 
therefore, the Metatherian osteological and Eutherian dental characters may be found 
to have co-existed for a certain time without invalidating the views above expressed. 

5. Eossil Edentates wiih. more premaxillaiy teeth than one, or, in other groups than 
true Dasypus, with any at all, would be confirmatory of the suggestion that the 
Edentates descended from the same Stage I. as other Mammals, and had lost four, or 
all, of their original number of five premaxillary teeth. 

6. Eurther instances of the atavistic recurrence of usually absent teeth in all groups 

of are much needed for the working out of the tooth-homologies in the 

different groups. 

On any of these points it will be most important to have information, and I hope 
that such, whether favourable or adverse to my views, will, if correct and properly 
authenticated, be soon forthcoming. 


Explaitation or the Plates. 


PLATE 27. 


Eig. 

Fig. 

Fig. 

Kg. 

Eig. 


Fig. 

Fig. 


1. Anterior cheek-teeth of Phascologale virgiiiicB. 

2 _ „ pemdllata. 

Q „ thorhecMana. 

4. „ „ » apicalis. 

5 . „ Dasyunis rivernnus. 

This series shows the gradual decrease in size, and ultimate loss, of the 

last premolar (pm"*). -n 4 • 

6. Anterior cheek-teeth of Fhascologde penvnUata, showing the milk pm m 

position, and its successor above it stUl buried in the bone. 

7. Anterior cheek-teeth, left side, of abnormal specimen oi Phascologale dorsahs, 

showing atavistic second premolar (pm*) in pomtion. 
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Fig. 8. Eeversed drawing of the right side of the same specimen, to show the 
relative positions of the teeth. 

Fig. 9. Lower jaw of Myrmecobiin, showing retarded eruption of pm^. 

Fig. 10. Lower jaw of Triacanthodon semda^ showing the germ of the permanent 
pm* buried in the bone {ajier Owbn). 

Pig. 11. Front of upper jaw of a young S<xi'cophiMs ursiriw, showing retarded 
development of the first incisor. 

Fig. 12. The same in Phascologale xodMaaei. 

Fig. 13. Adult Phasoologcde waUacei, showing relative shae of first incisor when 
fully developed, 


PLATE 28, 

Diagrammatic representation of Mammalian tooth-evolution. On the right is the 
main stem of evolution, from the Prototherian to the Eutherian dentition. On the 
left, above, is the Paratherian (Edentate), and bdow, the continued Metatherian 
branch. 

Main Stem. — L Generahsed Protothman dentition. 

n. and ILL Intermediate stages towards — 

ly. Generalised Metatherian dentition. 

V., VI., and VIL Intermediate stages towards — 

Yin. and IX. Generalised Eutherian dentitions. 

X. to XHL Examples of spemalised Eutherian dentitions : X., 
Mephas ; XI., Sy^omys ; XTT., Felia ; XIIL, 
Chircmytt. 

Paratherian Stem. — Starting from L or a, the generalised Prototherian dentition. 

j8, Dasypus; e, Bradypodidse, Megatheriidm ; L Manidse 
and Myrmecophagidse ; rj, Tatusia. 

Metatherian Branch. — Starting from L, the Prototherian, to IV., the generalised 

Metatherian dentition. 

IV. a, Diddphys, and most Percmdes. 

rV, h. Phascohgode, Thyladmu, and some Perameles. 

rV. c. Myrmecobius. 

IV. d. JDasyurus. 
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[Plates 29-31.] 


Introdtjction. 

In 1882 the late Professor F. M. Balfoitr suggested my undertaking the study of 
the development of the peculiar Australian M a Tnma lia and Ceredodus. In 1883 I 
decided to carry out this suggestion, and was elected to the travelling studentship 
founded in Bautotjb’s memory. 

The Committee of the Eoyal Society appointed to administer the Government 
Grant for the endowment of research gave me a sum of i400 for equipment. 

A Sub-committee handed on to me the sum of £100, which they had for a similar 
object obtained from the same ftuid. 

Through the courtesy of the President of the Eoyal Society, I obtained letters 
of introduction from the Colonial OfBloe to the Governors of New South Wales, 
Victoria, and Queensland, and from the Admiralty to the Commodore of the 
Australian station. 

I arrived in Australia at the end of September, 1883, and for various reasons 

determined to make Sydney, N.S.W., my headquarters. ^ 

I should like to take this opportunity of expressing my thanks to the Mimsters of 
the Colonial Governments, especially to the Bight Honourable W. Bede Ballet, of 
Sydney, and to Sir Samubl W. Greetitbs, of Brisbane, for the aasistan^ and 
faciUties afforded me. The President of the Linnean Sodety of New South Wal^ the 
Honourable William Maoieat, gave me the use of a temporary laboratory, wlueh I 
occupied until the Government gave me a more convenient set of rooms m the 
beginning of 1884. This is only one of many kindnesses for which I am mdebted to 

Guided by Dr. Bmm.rr'B obe^atioM, I had intended to go ^ 
immediately on my arrival, but nn&rtunately I vraated a fortniglrt trying to oblaim 
1.12.87 
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information in Sydney as to where the animals were to be found in sufl5oient 
numhem for my purpose. On October 12 I stad^ for the colder districts in 
New but very soon discovered that no uterine stages were to be obtained 

f^nriT^g that season. I found, however, that the Marsupial Phasoola/rctos was just 
beginning to breed, and determined accordingly to collect a series of stages. 

W. F. Goedon, Esq., kindly invited me to stay with him at Manar, near Lake 
George, where Phascohrotos is exceedingly numerous. In December I also obtained 
many uterine embryos of Sahnatums rufus, as well as a few of other species. I 
returned to Sydney early in January, engaged a laboratory asmstant, M. Emit j 
Eogbt, and soon fitted up as a laboratory rooms given me by the Government in 
Macquarie Street. 

Duiing February and March I made short expeditions in search of Marsupial 
material, and sent home an account of the unique condition of the foetal membranes, 
hitherto overlooked (‘Quart. Journ. Microso. Sci.,’ vol. 24, 1884). 

Towards the middle of April I went north to the Burnett Eiver to find Ceratodus. 
On the 23rd I obtained males with ripe spermatozoa. Both OrniiJiorhynohus and 
EoMdnot seemed to be very numerous in the Burnett district ; I decided, therefore, to 
remain there until the Monotreme breeding season was over, in the hope of getting 
both Ciratodus n-ud Monotremes in the same year. The Burnett district presented 
the fiirther advantage of still possessing a considerable number of black natives. 

I afterwards found that without the services of these people I should have had little 
chance of success, and it soon became dear that, in order to work with them, I should 
have to live under canvas and carry sufficient provisions for an independent camp. 

As there were etiU (May) many weeks of winter to pass before JEchidnayroriLd breed, 

I vitited Gayndah, the only inland township on the Burnett Biver, with the object of 
nffitring a money reward of £10 to anyone who would show me C&ratodm spawn. 
Soon after, I returned to Dalby to purchase a buggy, horses, and camp outfit, and made 
a flying risit to Sydney to obtain material for a prolonged collecting expedition. 

Duiing part of June and July I spent many hours daily in the water, hunting 
everywhere for the eggs of GercUodus. Towards the end of July the blanks began to 
collect Echidna, and vey soon I had segmenting ova firom the uterus. In the second 
week of August I had mTni1a.r stages in Ornithorhynchus, but it was not until the 
third week that I got the laid e^s from the pouch oF Echidna. In the following week 
(August 24) I shot an Omith^rhynchm whose first egg had been laid ; her second egg ^ 
was in a partially dilated os uteri. This egg, of similar appearance to, though slightly 
larger than, that of EeMdna, was at a stage equal to a 36-hour chick. On the 29th 
1 salt in the telegram “Monotremes oviparous, ovum meroblastic” to a neigh- 
bouring station, where it would meet*the passing mail-man, addressed to my friend 
Professor lovaBSinaB, of the Sydney University, ««lring him to forward it to the 
&ituh Asaocuition «b Montreal. Meanwhile I had never relaxed my efforts to find 
Ckratodmif but after four months I was be^nning to despair of success. Early in 
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September I had intended to go farther south, so as to continue collecting 
Omithorhynchus, but almost immediatelj after making this decision I found the long 
looked-for eggs of Ceratodus. This discovery changed my plan of following 
Orniihorhifnchus into colder districts. The exceptional drought of 1884, by reducing 
the area available for spavming, made the season a particularly favourable one for 
my work. The next three months were spent in hatching and rearing stages of 
Ceratodus. 

During tliia time the number of my black retainers had increased to upwards of 
fifty. The women were employed in searching the river weed for Ceratodus, while the 
men collected Echidna. It was only occasionally, and then with great difficulty, that 
I persuaded them to dig for Omiihorhynchus. Not only the blacks, but their dogs, 
refused to eat the animal; Echidna, on the other hand, was their favourite food, and 
their skill in finding them was very remarkable. 

The result of this expedition, which had lasted from April to December, was that 
I had obtained many of the Monotreme stages, and a very complete series of 
Ceratodus ; but I recognised that my camp had not been organised on a sufficiently 
large scale. In order to obtain a complete series of Monotremes, another season was 
necessary, and a very much larger camp. 

My work on the Burnett River was greatly assisted by the hospitality of the 
squatters. I am particularly indebted to "W. F. McCord, Fsq., and George Mtjnro, 
Fsq., who at all times rendered invaluable assistance, both by lending me horses and 
men, and allowing me temporary supplies from the station stores. 

In December I returned to Sydney, with six clear months free for collecting 
Marsupial embryos, before the Monotremes would begin to breed again. The extreme 
delicacy of the early stages of Marsupials made it impossible to preserve them 
perfectly while travelling. The only satisfactory method was to be present at a large 
Kangaroo drive, where great numbers are driven into a small yard. The Marsupial 
Acte and the dry seasons had so thinned their numbers that few stations found it 
profitable any longer to drive the animals ; the system of paying so much a head to 
independent hunters had replaced the yards. Fortunately, through the kindness of 
some squatters in the Gwydir district, a drive was arraiiged, and I had the good 
fortune to get over 80 uterine stages of Macropus major, besides seveial of other 
species. 

From January 1 to the middle of March I travelled in a light buggy, collecting 
Marsupials. At the end of this time an accident deprived me of the results of this 
expedition. Crossing the MacIntyre River in a flood, the buggy was upset, and its 
contents washed away. The two foUowing months were lost through the ^ecte of a 
fever which I had contracted in the swamps of the Burnett River, and it was not 
until June that I started to organise the large camp of blacks, to continue the delayed 
attack on the Monoti-emes. With the help of my friend, Reginaui Bloxsome, Esq., 
over 150 natives were employed during July and August, and they caught between 

MDCxxmxxxvn.— B. 3 o 
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1300 1400 Echidna of both sexes, from which a fairly complete series of stages 

was obtained. A skilM black, when he was hungry, generally brought in one female 
Echidna, together with several males, every day. The former seemed to be much 
more difficult to find than the latter at this season. The blacks were paid half-a- 
crown for every female, but the price of flour, tea, and sugar, which I sold to them, 
rose with the supply of Echidna. The half-crowns were, therefore, always just 
sufficient to buy food enough to keep the lazy blacks hungry. The supplies were 
carried on a six-horse dray, and the light buggy with four-in-hand proved very much 
more convenient than the heavier trap of the year before. In September my friend 
Bloxsomb superintended the transfer of the camp to the colder river Mole, further 
south, where we hoped to dig out the later stages of Orniihorhynchus from their nests. 
I employed some white navvies, who opened up a large number of burrows ; but the 
renewed exposure in Queensland had brought on my fever again, and this seriously 
interfered with the completion of the Oi’nithoThynchus series. 

The later stages of Monotreme development have, therefore, to be worked out, mainly 
with Echidna material. 


Peiwiotjs Investigations. 

Before anfArirtg on the embryology of the Monotremes, it will be, perhaps, interesting 
to trace the history of opinions held concerning them during the long period of ninety- 
two years which elapsed fiom their discovery in 1792 until the complete series of the 
stages in development were found in 1884. Nearly all the different views held 
concerning the nature of the female product in Monotremata have been based on 
indirect evidence, derived from the anatomy of the adult. 

Shaw (53 and 54),* who described Echidna in 1792, and Omithorhynchus in 1799 
{Platypus), classed them with Edentata. 

BLIIMENBA.CH (13), after studying the sfcuU in 1801, suggested that they might 
prove to be oviparous (14). Sir Evebajud Home (35), in the same year, relymg 
chiefly on the absence of mammary glands and the presence of a cloaca, compared 
them with the ovi-viviparous Sharks and Bnptiles. In 1803 M. !]^ienne Gboebeoy 
Saint-Hilaiee (19) proposed the name “ Monotremata," without definitely assigning 
them a place in the zoological series. Between 1802 and 1819 no new facts were 
discovered, and in the text-books the animals were cLassified, either as Mammals, 
between Edentata and Bodentia (Bbsbiabest, 1804), or as forming an appendix quite 
at the end ofthe Mammalian series (TisnEMANN, 1808 ; Ilu;oeb,1811), or as outside the 
Mammalia, and ** very probably” oviparous (Lamabok, 1809). In 1812 be Blainville 
(9) pointed out the resemblance to Beptilia, presented by the urino-genital apparatus 
and the shoulder-girdle ; but he considered the resemblances to Ma.Tmnfl.1ia, and espe- 
cially to Marsupialia!, much more marked. In 1817 Cuvibb and Oken still kept the 

* The muBbeES in panmiheaeB refer to the elphahetioal lost of Works at pages 480-484. 
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animals among tlie Edentata, but used GeoffboVs term, Monotremata. Oken 
suggested that the mammary glands might occupy some unusual position, and so have 
escaped notice. In 1817, also. Sir John Jamison (38), writing from Australia to the 
Secretary of the Linnean Society, described the spur of the male, and stated that the 
female was oviparous. Sir Evebabd Home (37), in 1819, discovered that the left 
ovary alone was functional, and that in the ovary the egg-follicle contained a large 
quantity of yolk, like a Bh’d’s. 

In 1820 Mr. Patmok Hill, Sui’geon, B.N. (34), made some observations whmh 
caused him to ■write to the Linnean Society; the letter was dated January 3, 1821, 
but was not read untd December 1 8. Mr. Hill describes how he found an “ egg in 
the left ovarium,” “ of the size of a pea, and of a yellow colour.” This specimen was 
sent to England hy a Mr. Scott, examined by Sir Evbrard Home, and afterwards 
presented ■to the University of Oxford. This ovarian follicle of Hill’s gave rise to 
considerahle misunderstanding; thus Fleming, in his ‘Philosophy of Zoology,’ 1822, 
p. 215, stated that Ornithorhynckus eggs had been transmitted to London. Recently, 
Beddard (2) has quoted Fleming, but omitted ■to point out that the latter knew 
that the egg referred to had not been laid, as Fleming added, “It would he 
interesting to know the manner of incubation, and whether o^viparous or ovo- 
viviparous.” In the ‘Isis’ for 1823, col. 1425, Okbn, after printing Geoffhov’s 
remarks, and Hill’s letter on which 'they were based, disposes of the “ celebrated 
history of 'the Orniihovh.y'fhchus egg ” by pointing out the Miammalian characters of 
Hill’s Graafian follicle. Okbn concludes by saying that the whole story arose from 
the mammary glands not having been observed. 

In 1828, however, MErncTST. (40) discovered mammary glands, and his great work 
(41) was published in 1826. Mjeokel, while rejecting both Hill’s evidence and 
Oken’s arguments, pointed out that there was little difference between ■vi'riparity and 
oviparity, since Birds had been artificially made to incubate their eggs in the o^viduct. 
Geoffrot had by this time become convinced that the animals were oidparous, and 
he soon denied (22) that Meckel’s glands were mammary. In 1829 Gboffeot 
obtained, through Professor Grant, the egg-shells ■which had been sent from Australia 
as veritable Ch'nithorhynchus eggs. Gboffeot (23) figured the egg, but soon after- 
wards discovered 'that it was too large for Ch'nithovJiynchus. In 1827 Geoffbot (22) 
had stated that the diameter of the pelvis was not more than 5 lines. The reputed 
egg meaenired If- mch x f- inch. Geoffbo^v’s first hypothesis, 1827 (22), was that 
the egg was formed in the doaca, but so rapidly as not to cause a serious obstruction 1 
His second, 1888 (27), was that the egg remained in the oviduct until hatching, 
because it could not pass through tiie s mall pelvis. 

in 1832 the first direct evidence bearing on the question was published in the 
‘ Proceedings of the Committee of Srience and Correspondence of the Zoolo^cal 
Society of London.’ 

Lieut, the Hon. Lauderdale Maule (39) wrote to his friend Dr. ‘Weathekhead 

8 o 2 
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that he had tried to discover the grounds for the generaJly-accepted holief that 
Omithorhynchus both laid eggs and suckled its young. He found in females eggs of 
the size of a musket-ball, but without the hard outer shell, and, in the nest, young 
ones, and remains of a substance resembling egg-shell.” 

Three young Omithorhyndu , found by Lieut. Maulb in the nest, were sent home 
to Dr. Wbathbbheai) ; two of these were given to Sir !R. Owen, the third was given 
to M. Geopfeot. Sir R. Owen (45) discovered in these the caruncle on the bill. 
This striking structure, however, only confirmed Owen in his belief in ovi-viviparity. 
He wrote, 1834,* the MarsupiaJia and Monotremata “ may be regarded as an abenunt 
group of Ma.TnT nn.1in., characterised by an ovo-viviparous generation. 

Sir R. Owen’s researches were made possible by the energy of Dr. Gboegb Bennett, 
who himself made several expeditions with the object of finding the early stages of 
Omithorhynchus. Dr, Bennett (3, 4, 5, and 6) has accumulated a large number of 
interesting observations on the habits of the animal, and has never ceased trying to 
furnish SirR. Owen with the material necessary for solving the problem of Monotreme 
generation. 

The next direct observation was made in 1847 by M. Jules Veereaux (55) in 
Tasmania. He writes : — Le nombre d’Omithorhynques que j’ai possddd m’a parfaite- 
ment d6montr6 que cet animal ne pond pas d’oeufs, mais qu’il est ovo-vivipare. 

Sir R. Owen (47) reviewed M. Vbbeeaux’s paper in 1848, and stated that he had 
calculated the period of uterine gestation at about six weeks I In a foot-note, p. 318, 
Sir R. Owen, contradicting a statement in Caepentbr’s ‘Human Physiology,’ to 
the effect that there was no positive evidence in fe.vour of the ovi-viviparity of Mono- 
tremes, says, “ The minute size of the ovarian ovum, and consequently of the vitellus i 
the presence of RTnall ova, with a delicate chorion and without chalazse or shell, in 
the uterine portion of the oviduct ; the absence of any shell-forming portion of the 
oviduct, — aU are elements of a body of positive evidence in favour of the ovi- 
viviparity of the Omithorhynchus, which needs only the discovery of the foetus in 
utero for decirive confirmation.” 

In 1864 Mr. George Rumby (52), a gold-receiver in A.ustralia» obtained from some 
miners a living female Omithorhynchus. This animal, shut up in a gin-case, laid two 
eggs which were “ white, soft and without shell, easily compressible, and about the 
size of a crow’s Mr. Rumby wrote in a letter that these eggs might be 

abortions caused by fear, and this suggestion was evidently accepted by Owen, who 
published the letter in 1865 (48). These eggs were also seen by Dr. John Nicholson 
(42), who wrote directly to Owen about them (48). Sir R. Owen in this paper, 
1865 (48), describes a mammary foetus sent to him by Baron Fbrdinanu von 
Mueller and Dr. Rudall, and, in discussing the uterine ova, describes the “ smooth 
chorion as beicg firmer than that of Rodentia; whence, and for other reasons {inds 
‘ Phil. Trans.,’ 1834),” he still considered the animals ovi- viviparous. 

• * PhiL Tiaas.,* 1834^ p. 856. 
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From 1875 to 1883 Dr. George Bennett’s son (7, 8) collected material for Sir E. 
Owen in Queensland. In 1880 Sir E. Owen (49) described and figured several 
ova of Echidna^ taken from the uterus. In the largest of these, measuring 6 mm. in 
diameter, he observed an artificially-produced furro-w, which he described as the firbt 
furrow of segmentation, mentioning this fission of the germ as “ additional evidence of 
the viviparity* of the Monotremes.” 

In 1882 Sir E. Owen found, lying fi.’ee in the uterus of an Echiclm, a large ovum 
with a “thick chorion” ; vide paper published in 1884 (50). Mr. Haackb (32, 83) 
found, on the 25th of August, 1884, an egg-shell, the remains of a rotten egg, in 
the pouch of Echidna, and showed it to the Eoyal Society of South Australia on 
the 2nd of September. 

PART I.— THE EGG MEMBRANES, AND THE OVA DP TO THE FIRST STAGES OF 

SEGMENTATION. 

Part I. of my studies contains an account of the egg membranes, and the develop- 
ment of the ovum up to the first stages of segmentation, in Monotremata and 
Marsupialia. This limitation will enable me to trace the gradual replacement of 
ovarian food-yolk by uterine nutrition through the Mammalia. 

The comparison of the egg membranes yields a striking phyUogenetic interpretation 
of their development. 

Thft few previous investigators have failed to trace the egg membranes. 

Sir Everard Home, Mr. Hill, Sir E. Owen, and M, Verreatjx have described 
the appearance of the ovary in Monotremata. The two first observers pointed out 
the large size of the Graafian foUicle, and Sir Everard (87) figured the yellow yolk 
they contained, but Sir E. Owen, in 1834 (44), stiU considered it probable, on d 
priori grounds, that the Monotremes had a small ovum, like other Mammalia. 

More recently Podlton (51), Beddard (2), and Guldberg (31) have observed the 
large size of the ovarian ovum, the ecoentnc position of the gemunal vesicle, and the 
fact that the ovum completely fills the follicle during the whole period of ovarian life. 

PoiTLTON and Guldeerg have wrongly stated that the foEieular epithelium remams 
always a single layer of cells. 

Beddard figures the true condition, but agrees with the other two observers, ascrib- 
ing the appeai'ance of his preparation to bad preservation. Podlton came to the con- 
clusion that it was probable that segmentation would be found to be unequal, perhaps 
partial. Guldberg was unaware, when he wrote, that I had aheady described the 
partial segmentation. Guldberg and Beddard lost all trace of the vitelline membrane 
in late stages. The former says the follicular epithefium becomes changed into a 
chorion “es scheint, aJs ob die Zellen verschmolzen sind, urn eine helle, schwach tingir- 

• I hove added the italics, heoauBe the quotation shows the valae of the old teiins “ ovi-viTiparoTa 
and “ viyiparaus/* 
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bsiTS Membran zu biJden.” This stait©in.6iit is of intorest in connection with SiSLiiNKA s 
(57) niTYiilar account of the formation of an egg membrano in the Opossum. The ovary 
of Marsupialia has been described and figured in several genera. Sir B. Owen 
observed the enormous stalked folHcles of Fliascolomijs. Boulton’s account of the 
development of the Graafian follicle in Phalangista is the only paper on the subject known 
to me. He noticed that the cumulus proligerus separated from the wall of the follicle. 
Sblbnka (57) found follicular cells in the Fallopian tube of the Opossum. Observa- 
tions on the uterine egg membranes of Monotremata have been made by Sir Bi. Owen, 
who in 1865 distinguished two membranes, an outer “ chorion ” and on inner “ mem- 
biana vitelli,” but he wrongly stated that the "increase of the size of the uterine 
over the ripe ovarian ovum was due to an increase of fluid between the chorion and 
the membrana vitellL” Selenka is the only observer of the early uterine stages of 
the egg membranes of Marsupialia. He derives the outer membrane of the uterine 
ovum directly fi:om the follicular epithelium, and further states that the zona pellu- 
oida soon diMippears, which results in his confusing the albumen layer of the early 
stages with the ooagulum surrounding the embryo in later stages. Selbnka, in 
his preliminary note on the Opossum (56), says, “ Die Eier halten die Mitte zwischen 
den meroblastischen und holoblastiscben.” The exact meaning of this statement is mode 
glear by the beautiful drawings in his Memoir. 

A. — The Eog Membranes. 

1 . — MonoPi'emata. 

i. In Ae ovary , — ^Bound the very young ova a fine membrane is present between 
the angle row of follicular cells and the ovum. I shall speak of this as the vitelline 
manbi^e, but whether it is produced by the ovum or the follicular epithelial cells I 
have not attempted to determine. 

With the ^wth of the ovum the vitelline membrane increases enormously in 
thickness. In ova of *32 mm, diameter it reaches its maximum thickness of 
*016 mm. With the formation of the yellow yolk spheres the vitelline membrane 
again becomes thinner, till in the ripe ovarian ovum it has no longer a measurable 
thickness. The vitefline membrane is perforated by protoplasmic processes connecting 
the protoplasm of the ovum with that of the foUicular epithelium. 

Bound vffly young ova the follicular epithelium consists of a single layer of flattened 
cells, eadi of which, like the Qvum itself, consists of dear protoplasm nearly firee firom 
granules. 

The diflereuce betweeu a ripe ovum and such an unstainable odl is caused by the 
addition of fiiod material, which is formed in the cdls of the follicular epithelium as 
well as in the ovum itself, and appears first as minute granules in the neighbourhood 
of the nuclei and germinal vesicle. Every stage is to he formd, from the most minute 
granules up to the largest yellow yolk spWes of the ripe ovum. 



OS’ MONOTRE3IA.TA A^D MABSUPIALIA, 


471 


From the nudeus of each foUicular oeE and from the germinal vesicle, streams of 
these yolk granules travel into the body of the ovum. The result of this double mode 
of origin of the yolk is that the yolk is interrupted at one place, viz,, where the 
germinal veside lies. The yolk in Monotremata has the same arrangement as that of 
Birds, where a central bottle-shaped mass of smaller spheres is continued from the 
germinal disc to the centre of the ovum. The streams of yolk granules passing into 
the ovum, immediately on entering, are more or less parallel to each other, and give a 
radially striated appearance to the peiipheral layer of the ovum (Plate 29, fig. 1). 
A similar appearance in other Vertebrate eggs has been described as a definite 
membrane, and named the zona radiata. The time during which the greater number 
of yolk granules are formed in the cdls of the follicular epithelium corresponds with a 
marked change in the appearance of the layer itself. When the ovum has reached a 
diameter of *2 mm. the cells of the follicular epithdium, already much more columnar 
than in the younger stages, divide rapidly and form a layer three to fomr cells deep 
(Plate 29, fig, 1,/e.). When the ovum has increased to *5 mm. diameter it has received 
from the follicular cells such a number of yolk granules as would be nearly sufficient, if 
the granules were swollen to yellow yolk spheres, to completely fill a ripe ovum 
measuring 3 tyitti. in Echidna and 2*5 mm. in Ondthorhynchus. Between the stages of 
•32 mm diameter and *5 mm. diameter the follicular epithelium again becomes one 
cell deep. This change corresponds with the change in the manner of growth of the 
yolk. IJp to stage *32 mm. tlie formation of new granules was the chief function of 
the epithelium. After the granules are formed the absorption of fluid by osmosis 
becomes relatively more important ; consequently, the yolk granule forming period 
may he conveniently spoken of as the first period of the activity of the follicular 
epithelium, while the period of absorption of fluid may he described as the second period. 

Both processes, of course, go on during the whole of both periods. Each period 
includes the maximum activity of one of the two processes, giamile formation or 
absorption of fluid.** 

The active change of granules into yellow yolk spheres by the absorption of fluid is 
marked by the return of follicular epithelium to the condition of a single row of cells. 

Plate 29, fig. 2, shows the condition of the follicular epithelium (/.) and the vitelline 
membrane (t?m.) in an ovum measuring 1 mm. diameter. 

The follicular epithehum becomes so flat that Beddaju> (2), who lias recently 
descrihed tl;e ovary of Echidna, failed to find it ; while Gtjujbeeg, as has been 
already mentioned, stated that the follicular cells fused together to form a dear 
“ chorion.” 

When the ovum has reached its maximum diameter the follicular epithelium again 
wakes up ; and the cells increase enormoudy in dze, and each nucleus becomes l^ger 
4-.hfl.T> an entire cell in the previous stage, Plate 29, fig. 3 (/«.). This renewed activity 

• It is to 1)6 Tindarstood that this acooimt of the origin of yolk is only a description of the strnotnral 
appearanoes presented by preserved msterial. The physiological changes maybe much more complicated. 
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of the folUoular epitheUum constitutes a well-marked stage, and wUl be described as 

the third period -i . t. a. • 

The foUide has hj this time come to project from the ovary so much that, in many 

cases there is a marked pedicle of attachment. The follicular epitheUum, beginning 
in the region underlying the projecting surface of the foUicle, divides rapidly, and 
the cells,°becoming enormously enlarged, secrete a dense homogeneous substance on 
their inner face, next the vitelline membrane (Plate 29, fig. 4, ch). This process of 
secretion goes on until the whole egg is suspended in a dense layer, which, from its fate, 

I shall speak of as the “ pro-alhumeii.” The foUicle, being now clasped by the open 
mouth of the Fallopian tube, bursts, and the egg is received into the Fallopian tube. 

A few cells of the follicular epithelium remain attached to the pro-albumen. The 
majority of the follicular cells remain behind, inside the follicle, and there they 
multiply so rapidly that very soon the whole cavity of the follicle is occupied by 
gigantic cells derived from continued division of the folUcular epithelium, between 
which connective tissue cells have also grown in from the walls of the follicle itself. 
The further changes that take place in this “corpus luteum” need not be desoiibed. 

ii. In the Fallopian tube . — found one female Omithorhynchus with two eggs in the 
dilated end of the Fallopian tube (infundibulum). Both eggs had begun to segment, 
ftTid one already acquired eight segmentation nuclei. Each egg was enclosed by 
its thin viteUine membrane (Plate 30, fig. 1 ; Plate 31, fig. 8, ■urn.), and sun-ounded by 
the pro-albumen. Here and there traces of the follicular cells, which remained 
attached to their own secretion, are visible in the sections. A few darkly staining 
granules were visible all round the ovum, connected with each other by a fine, 
darkly staining line, just inside the vitdline membrane. This layer was already 
visible in some sections through ripe ova, after the pro-albumen was formed. 
The unsegmented ^ of EcJdina (a medium section through the germinal disc 
of which is figured on Plate 31, fig. 1) was taken from the lower part of 
the Fallopian tube In this e^ the viteUine membrane has already increased in 
tLiATruftaH to about *0016 mm,, and the pro-albumen has also increased in thickness 
until it becomes the definite albumen layer by absorption of fluid in the FaUopian 
tube. In the living egg this albumen has the same appearance eis the albumen of 
a Hen’s egg, and, treated with alcohol, it comes down as a granulai- precipitate. 
(Plate 80, fig. 3, aJh . ; Plate 81, fig. 1, aZ6.) The albumen in hardened ova varies in 
t.hi Rbr uya at difSereut places by reason of its fluid nature. That the section figged in 
Plate 30, fig. 3, happens to have less thickness of albumen than the pro-albumen from 
which it arose is explained in this way. 

Outside the albumen there is now a new structure — the sheU membrane (Plate 81, 
fig, 1, sA)— whidi first appears in the lower part of the Fallopian tube. The sheU 
membrane is of a toiigh parchment-like consistency, and does not stain with heemato- 
xylin or borax carmine. On the outmde it has a roughened surface, which in 
section (Plate SI, %. 1, sA) is seen to he caused by the presence of numerous fine 
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villi. I have not yet tried to trace the deposition of the shell to any special glands. 
From the fact that these villi become longer as the egg increases in size it is dear 
that the shell does not thicken at the expense of the albumen layer inside. 

iii. In the uterus . — ^The egg, arrived in the uterus, has already received its full 
complement of membranes. The albuminous investment and the shell have added 
I '5 mm. to the egg’s diameter. The egg continues to increase in diameter after its 
arrival in the uterus, and by the time it has reached a diameter of 6 ‘5 mm. the albumen 
layer has entirely disappeared, and the vitelline membrane thus comes to he close to 
the shell (Plate 30, figs. 3 and 4.) Meanwhile both shell membrane and vitelline 
membrane have again increased in thickness. (Plate 30, fig. 2, sh. and vm.) Another 
layer, which stains darkly, present in the ovary after the pro-albumen appeared as the 
very delicate line containing granules, already described, lies inside the vitelline 
membTOTAft. I look on it as a coagulum formed by reagents from the nutritive fluid 
entering the ovum. In the uterus it becomes very conspicuous on the disappearance 
of the ^bumen, and its presence enables the opening of the blastopore to be traced. 

The egg, on leaving its foUide, measm’ed 2*5 m m. to 3 mm. in diameter. When it 
is laid it measures 15 mm. by 12 mm.* 

This enormous increase is due to the absorption of fluid from the walls of the 
uterus. The process shows itself by the continually increasing quantity of darkly 
Staining coagulum inside the vitebine membrane and through the body of the yolk. 
Up to the close of segmentation this layer is thicker over the blastoderm than else- 
where. In many sections mounted in balsam the line between the vitelline mem- 
brane and this coagulum is not distinct, and the two appear as one thick vitelline 

membrane. 

The fluid layer betrays its nature, however, by passing in between the cdls, and 
into an opening of the blastopore. 

The earliest stage of the shell membrane has been already described. Some of 
the stages it passes through before being laid are shown on Plate 30 (figs. 2, 3, and 
4, sh.). In Echidna I have not detected any calcic salts in the shell after laying, but 
on treating the shell of Ornithorhynchus with dilute hydrochloric acid a considerable 
quantity of gas is given off. When fresh-laid, the egg has a thickness of 5 mm. and 
is of an opaque white colour ; the cones figured on Plate 80 (fig. 4, sh.) are directly 
derived from the fine villi on the outside of the young shell membrane. 


2. — Marsupialia. 

i. In the ovary . — ^The development of the membiunes just traced in Mono- 
tremata proceeds in exactly the same way in PJmcolarctos cinercus up to the stage 
when the yolk granules begin in the Monotremata to become the characteristic yellow 

• The laid eggs of both Jcfcidna and Omf&orSyneftiw vaiy somewhat m bjzc. I have a normal 
JBchidna egg as small as 13 mm. by 12 nun. 

lOKXicttiXXxyn. — b. 3 p 
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volk spheres (compare Plate 29, fig. 1, with Plate 29, fig. 5). In Phmcolavctos, as in 
konotremata, the delicate membrane Burroundmg the youngest ovum gradually 
changes into a distinct and strong membrane surrounding the ripe ovum. T^e ripe 
ovum of Phascolarctos, measuring -17 mm., resembles an ovum of Echvlm or 
Ovnithorhyiichm measuring '25 mm. The follicular epithelium throughout the ovarmn 
period is connected with the oviim by numerous processes perforating the vitelline 
membrane, along which the yolk granules pass into the ovum. 

The youngest ova of Phascolarctos exactly resemble the youngest already described 
in Monotremata. The single layer of follicular cells soon becomes columnar, and also, 
by division, several rows deep. A cavity appears between the cells, in the same way 
as in Placentalia^ and soon a typical Graafian follide with its “ discus proligerus is 
formed. 

The follicle of Phascolarctos grows very much larger than in most Marsupialia. In 
Phascolarctos the ripe follicle is in many cases attached to the ovary by a very 
pedicle. The follicle is elliptical in shape, and measures 10 mm. by 7 mm. 
It is thus enormously larger than the ripe follicle of Monotremata. 

The split in the layers of the follicular epitheliiun, which forms the cavity of the 
Graafian follicle, extends completely round the ovum, so that the ovum, still sur- 
rounded by the follicular epithelium several cells deep, now lies in the centre of the 
follicle, with the so-called “ liquor foUiouli” ou all sides of it. The “ liquor folliouli ” 
contains numerous branched ceUs, connecting the epithelial lining of the follicle with 
that sun’oundmg the ovum (Plate 29, fig. 5,/e.). 

iL In the Pallojpian tube . — ^I have no observations on the membranes in the Fallopian 
tube of Marsupials. The few young ova I obtained were used for other purposes. 
I was not aware of the existence of the pro-albumen at the time I found them. 

iiL In the uterus . — ^The ovum of Phascolarctos passes rapidly into the uterus, and 
the ovum figured on Plate 29, fig. 5, had only reached the stage of the first furrow of 
segmentation. In this ovrun the same membranes are present as in the corresponding 
stage of Echidna, with the striking difference that the follide cells are still attached to 
a dense layer, similar to the pro-albumen in the Fallopian tube of Monotremata. 
This layer (Plate 29, fig. 6, eh.) lies immediatdy outside the viteUme membrane. 
Imbedded in it, and lying on the outside of it (Plate 30, fig. 5, /&), are a large 
number of foUieolar cdls, and, although their uudei and nucleoli are still present, and 
suffice to prove thdr cellular nature, their general appearance, spherical form, and the 
absence of connectii^ processes between the cells, show that they are breaking down. 

Though I have &iled to trace the formation of this layer in Marsupials from the 
follicular epitheHam, its structure, position, and history all point to its being homo- 
l(^oas with the pro-albumen of Monotremata. Towards the outside the cells and 
the pro-albumen ore aorrounded with fluid (Plate 30, fig. 5, alb.), and the otxter part 
of the pTo-elbumen itsdf is less dense than the inner. 

ISudosing the whole egg is a thin transparent membrane '0015 mm. thick, similar 
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to the shell metnhrane of Monotremata (Plate 30, fig. 5, sh.). The finiiher changes 
undergone by these membranes enclosing the ovum are as follows : — The ovum soon 
increases in size, and in an ovum measuring ‘3 mm. the shell has become markedly 
thicker, viz., ' ’01 mm. The vitelline membrane also increases slightly in thickness, 
but the great increase in size of the ovum is due to the swelling up of the follicular 
secretion by the absorption of fluid from the walls of the uterus (Plate 80, fig. 7, alb.). 
Two stages are shown in section of this swelling up (Plate 30, figs. 6 and 7). AH 
traces of follicular cells have vanished by this time. The ftuther changes that take 
place with the formation of the blastodermic vesicle and development of the yolk sac 
are similar to those that occur in Monotremata at a corresponding age. The albumen 
soon disappears, and the vitelline membrane comes to lie dose to the shdl. No 
sooner is the albumen layer formed than it begins to pass through the vitelline mem- 
brane to nourish the ovum, and after the albumen layer has disappeared another 
layer become very conspicuous inside the vitelline membrane. This layer is a 
coagulum formed from nutritive fluid on its way to feed the devdoping embryo, and 
shows its fluid nature, in the same way as pointed out in Monotremata, by passing 
into the open portion of the blastopore, and between the cells of the blastoderm. 
The distinction between the vitelline membrane, now considerably increased in thick- 
ness, ftnd tbiH coagulum is difficult to trace all round the ovum. 

This feet has led Selenka to describe the vitelline membrane as disappearing at an 
early stage, and the albumen as being directly continuous in development with the 
coagulum. The membrane, composed of the shdl and the vitelline membrane, persists 
up to the stage when the blastodermic vesicle becomes fixed to the walls of the uterus. 
It is possible that it may persist for a longer period over the non-vascular unattached 
area of the yolk sac and allantois {vide my paper, ‘ Quart. Joum. Microsa Sci., 1884). 
The blastodeirmio veside enclosed in the membrane just described, measuring 15 mm. 
in diameter, floats freely in the uterus, and is exactly comparable to the laid egg of 
Monotremes. I have not found any trace of villi on the surface of the shdl in 
ISdarsupials. 

p Development op 'rTny. Ova ttp to the Fibst Stages nr Segmentation. 

Monotremata and Marsupialia. 

Some of the changes that take place in the ovum have been described in de^ng 
with, the follicular epithdium. The ovum, while maintaining its diaracter of a single 
cell, has become loaded with food material, which has been deposited in a horse-shoe- 
shaped mnsH round the germinal veside. This horse-shoe-like arrangement of •&e 
yolk is caused by its double mode of ori^, and is common to all Vertebrata with 
yolk-forming follicular epithelium. The different positions in which the yolk has 
been described as arising in meroblastic eggs may not be so different as has been 
supposed. At the mid of the first period in Monotremata the yellow ydk spheres 
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appear as such at considerable distance from the surface of the ovum. In the ripe 
eirg there is only a very thin layer of fine granules and white yolk, between the 
vdlow yolk and the vitelline membrane. This distribution appears to be due to the 
relative rapidity the formation of yolk granules bears to their absorption of fluid at 
any one period. The active protoplasm of PhascoUrctos, like that of Monotremata, 
is aggregated to one pole of the ovum. There is a lens-shaped germinal disc in Phas- 
colaretos as in Monotremata (Plate 29, fig. 5, and Plate 31, fig. 1). 

The yolk of Phascolarctos never gets beyond the stage of white yolk. The white 
yolk immediately below the germinal vesicle in Monotremata is the only part of the 
ovum where oil (?) globules occur (Plate 31, fig. 1). The whole yolk of Plm^olarctos 
is to the region below the germinal disc of Monotremes. The details of the 

segmentation and the exact behaviour of the cells to form the gastrula wiU be traced 
in Part H. I here only describe the general charactei’istics of segmentation in 
Monotremata and Marsupialia, and point out how the segmentation of Placentalia has 
been derived from this. The first furrow marks out the germinal disc into a larger 
and a amallAr area (Plate 30, fig. 5, % and %). The first furrow has therefore made 
the ovum bilaterally symmetrical. The second furrow appears at right angles to the 
first, and divides the gmminal disc into four regions, two larger and two smaller 
(Plate 31, fig. 2, «i, ^ti). AH these regions are cormected with each other and with 
the yolk by protoplasmic processes passing across the furrows. These first four nuclei 
give rise by division to all the nudei of the future embryo. No nudeus of the yolk 
which would Ay plain spontaneous formation of yolk nudei ” is present. So far the 
description applies equally to Phascolarctos and to Monotremata, but the ovum of 
Phascolarctos is no larger than that of Placentalia. 

That the first two segmentation furrows should fail to divide the ovum, shows that 
although the ovum has nearly regained its original aledthal condition, it still retains the 
secondary arrangement of protoplasm, induced by the yolk of its mol's immediate 
ancestors. 

Comparison of the Egg Membranes of Monotremata and Marsupialia with those of 

Placentalia. 

Prom the detailed account of the development of the egg membranes in Mono- 
tremata and Marsupialia (Phascolarctos) it is dear that there are two pzimaiy egg 
membranes in each group, the vitelline membrane and the pro-albumen, while a 
f^condaiy egg membrane, the drdl membrane, is added in the Fallopian tube and 
uterus. 

There is a strong presumption that the egg membranes of Placentalia are homologous 
with those of Monotremata and Marsupialia. I drall attempt to show that the three 
membranes 1 have fi>und in Monotremata and Marsupialia are present in Placentalia. 

There are two membrane generally recognised in Placentalia, the zona pelluoida 

and the vitdHne membrane. 
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This vitelline membrane was first noticed by VALEamN; Babb,t (60) figured it 
in 1838, but Bischoit (66) immediately aftei’wards explained that Bajbbt and the 
previous observers had been misled by a line caused by the existence of cUia round the 
young ovum. 

H. Mbybb (72), EraicnERT (78), and Van Bbnbden (63) have distinguished this 
structure, and regarded it as a true vitelline membrane. Heapb (70) found and 
figured it in sections of the ripe ovum of the Mole. 

BAitfiY stated in his papers that it disappeared by liquefaction, but in a foot-note in 
p. 338 in his last paper he says that it “ may perhaps contribute to the thickening ” 
of the zona pellucida ; and this foot-note of Babrt’s is evidence confirmatory of the 
suggestion that I now make concemmg this membrane. 

Van Bbnbden ( 64) says the appearance of this true vitelline membrane coincides 
with maturation and the formation of polar bodies. 

I would suggest, therefore, that it is the homologue in Plaoentalia of the layer which, 
appearing during maturation as a line containing granules, becomes the coagulum of 
later stages in Monotremata and Marsupialia. 

Von Babe ( 58) discovered the zona pellucida in the ovary. Babey ( 62) figured its 
radial striation, caused by the pointed ends of the follicular epithelium, and its 
granular outer layer*. 

In 1854 Rbmab described the radial striation, ^but it was not until 1870 that 
Waldevbe (74) called attention to the distinction between the outer and the rimer 
layers of the zona radiate. 

Waldbybe considered the granular layer a product of the follicular epithelium. 
Baltotje (59) put forward a carious hypothesis with regard to this outer layer. 
He considered that it was the remains of the vitelline membrane surrounding young 
ova. Balfotje’b hypothesis was rendered necessary by his comparison of the inner 
zona radiata of Mammalia vrith the tranritory appearance which he called zona 
radiata in Elasmobranchs. 

Van Bbnedbn (65), p. 514, pointed out Baupode’s mistake, and said, "It is certain 
that the membrane which Balfotje called vitelline membrane in the Babbit is the 
zona radiata, and not its outer granular layer.” There is, therdbre, in Plaoentalia, as 
in Monotremata and Marsupialia, a deHcate membrane round the young ovum, wHch 
becomes the thick membrane known as the inner homogeneous layer of the zona pellu- 
dda. This membrane is the true vitelliae membrane of Plaoentalia. The outer 
granular layer may therefore be interpreted as the homologue of the pro-albumen. 

The outer covering of the uterine embryo was discovered by db Ge^ m 
1692. Von Babe (58) suggested that this '* villous chorion” {SehalmhatU) was directly 

derived from the zona pellucida of the ovary. 

OosTB and B.UDOLT WAaKBE held the same view ; but Pdeeinje, Valentin, and 
AT.T.iirKr Thomson all considered that the chorion probably arose in the oviduct, like 
the egg-shell of other Vertebrates. 
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Wharton Jones (71) was the first to notice the addition of the albuminous coating 
in the Fallopian tube. He considered that this coating gave rise to the chorion, 
Barry (61) has given a most elaborate account of the origin of the chorion. His 
results are strikingly similar to what I have described in PhOfScolaTctos ; and it is not 
too much to admit that, if no one had thrown doubts on Barry s work, I should 
have had no difficulty in comparing the membranes of PhasGolarctos with those of 
Monotremata and Marsupialia. Dr. Barry (62) stated that the chorion arose from 
" cells” (not the cells of the tunica granulosa, but cells” appearing in the Fjffiopian 
tube) on the outside of the zona pellucida ; that this chorion imbibed fluid, and 
separated from the zona pellucida ; that after the fluid was absorbed the zona pellu- 
dda lay close to the chorion; and that the chorion gave rise to vjUi. Dr, 
BareVs experiment of crushing the fresh ovum, and finding that its contents, passing 
outside the zona pellucida, were still contained in his chorion, is striking evidence in 
favour of the existence of such a membrane, although, unfortunately, no recent 
observers have described any trace of it. 


Table showing the Homologies of the Egg Membranes in Mammalia. 

MrOirOrB*UA.Tl. MaRSTIPIAIJA. PLAOENrALIA.. 

lAjer of ooagTilated fluid in — Coagulnm . . . = Coagnlmn, . . . — Vitelline meinbi*ano of 

liardaned mainre ova. Van Beneduit. 



ViteRine menLbrone = Vitelline membrane. = Vitelline membrane = Zona radiata — inner 

layer of mature ova- 
rium, zona pellncida. 


Fro-albmnen secreted = Pro-albnmen 
by follicular epi- 
thelium. 


. = Pro-albumen. 


, = Outer granular layer 
of zona pellncida 
(W Ai/uayna). 


Shell membrane = Shell membrane = Shell membrane = VillonsP “non-cellular** 
formed outsidd al- -with villi which without villi P chorion (Bisonorr). 

bnmen in EaRopian become ** cones.” 
tube and nteruB. 


Companion of the Egg Membranes of Mammalia with those of other Vertehrata, 

Vexj mimerous statemeats have been zoade concerning the egg membranes of both 
Ichthjopsida and Sauropsida (68 and 69). 1 shall not attempt to compare all the 
membranes that have been described, because it is both certain that many are either 
tranmtory arrangements of the peripheral protoplasm of the egg or the product of 
hardening reagents, and also probable that some are optioSi illusions. 

rbat a pro-albumen such as I have described in Monotremata has not been recog- 
nised in moat Vertebiata is due possibly to the shortness of the period of its formation. 

OossiKCtscAX (67), however, has recently shown that such a Btructuxe exists in 
Myxine^ but he assumed that it gave rise diieotly to the shell, and consequently could 
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Qot be homologous with the albumen or the shell of Elasmobranchii. It seems more 
probable that the difference between tbe shell of Elasmobranchii and that of Myxine 
is due to the fact that in Elasmobranchii the pro'albumen absorbs fluid in the course 
of its passage down the oviduct. 

The shell membrane presents another difficulty. I have shown that in Marsupialia 
it does not increase at the expense of the albumen. 

CntmiNaHAM states that the shell of Myxine arises directly from the pro-albumen, 
and others have imagined a similar oiigin for it in Elasmobranchs and Sauropsida. 

Yon Babb compared the albumen of a Erog’s egg to the shell of a Bird’s. 

These considerations show that fiu'ther investigations are necessary in both Ichthyo- 
psida and Sauropsida before the three membranes can be traced through Vertebrates. 


Summary. 


In Monotremata and Marsupialia — 

I. There is a vitelline membrane which, appearing between the young ovum 
and the follicular epithelium, persists until hatching in Monotremata, and 
unt il late uterine stages in Marsupialia. 

n. There is a second primary egg membrane secreted by the follicular epithe- 
lium shortly before the ovum leaves the ovarian follicle — ^the pro-albumen. 

III. The pro-albumen, by absorption of fluid in the Fallopian tube and uterus, 
becomes the albumen layer outside the vitelline membrane. 

lY. A secondary egg membrane— the shell membrane— is found in the Fallopian 
tube, and become thicker in the uterus. 

Y. The albumen soon disappears, and the vitelline membrane comes to lie next 

the shell. 

YI. The ovum absorbs fluid from the uterus, and increases in Monotremes from 
about 8 mro. to 15 X 18 mm. 

YII A layer, simulatmg the appearance of a membrane, inside the vitelline mem- 
brane, is a coagulum formed by reagents from the nutritive fluid passing 
into the ovum. 

VIII. There is a germinal disc, and the ovum undergoes a partial segmentation in 
Monotremes and PhOfSGoldTCtos* 

In Placentalia — 

IX The vitelline membrane has generally been known as part of the zona pellu- 
cida. 

X The pro-albumen is probably represented by the outer “granular layer” of 
the zona pelluoida. 

XL The shell membT-ane has not been recognised in its early sta^, except 
by Babby. The “ villous chorion ” (non-oellular, Bisohoff) is probably 
partly derived from a true shell membrane. 
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XIL The delicate layer immediately surrounding the ripe ovum, known as the 
“ true vitelline membrane,” Yan Benedbh, is perhaps the first stage of 
the substence described as “ coagulum” in Monotremata and Maraupialia. 
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EXPIiANATION OP THE PlATBS. 

Befereace Letters. 
alb = albumen. 

b = basilar membrane of follicular epithelium 
U = posterior opening of blastopore, 

= pro-albumen. 
ep = epiblast. 
fe = follicular epitheliuuL 
gv = germinal veside. 
hy = hjpoblast. 

0 = oil (?) globule. 

= nucleus of smaller segmentation ai'ea. 

Tjj = „ larger „ „ 

= shell membrane. 

sAi s middle layer of shell membrane. 
sAj = papillae of shell membrane. 
urn = coi^lum. 
vm = vitelline membrane. 
yi = yolk granules. 

= white yolk. 

Pi = yellow yolk. 
tr = zona radiata. 
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PLATE 29. Zeiss, oc. 2, obj. tV bomogen. : cam. luc. 

Pig. 1. Echidna. — Small portion of a section through, the ovarian ovum, measuring 
•32 nnm. in diameter. 1st period : fe, follicular epithelium ; wra, vitelline 
membrane ; zr, zona radiata ; y, yolk granules ; white yolk ; o, oil 
globule ; &, basilar membrane. 

Pig. 2. Echidna. — Small portion of a section through the ovarian ovum, measuring 
1 mm. in diameter. 2nd penod : lettering as in fig. 1. 

Pig. 8. Echidmi. — Small portion of a section through the nearly mature ovarian ovum. 
Beginning of 3rd period : lettering as in fig. 1. 

Pig. 4. Echidna. — Small portion of a section through the ripe ovarian ovum, measuring 
3 mTn. in diameter. 3rd period : ch, pro-albumen. 

Pig. 5. Phascolarctos cincreus. — Medium section through a nearly mature ovarian 
ovum taken firom the “liquor foUiculi” of a follicle measuring 9 mm. X 6 mm. : 
/e, fnllicnln-r epithelium ; vm, vitelline membrane ; yv, germinal vesicle. 


PLATE 30 . Zeiss, oc. 2, obj. tV homogen. ; cam. luc. 

Pig. 1. Ornithorhj/nohus. Small portion of a section through the segmenting ovum, 
from the open end of the Pallopian tube, measuring 2 ’6 mm. in 
diameter ; ch, pro-albumen ; vm, vitelline memhi’ane. 

Pig. 2. Echidna. — ST^all portion of a section through the s^menting ovum taken 
from the uterus, and measuring 6 mm. in diameter : sh, shell ; cdh, albumen ; 
vm, vitelline membrane; um, coagulum; hi, blastopore; e^, epiblast; hy, 
hypoblast. 

Pig. 8. Omiihorhynohus . — Small portion of a section through the segmenting ovum 
taken from the uterus, and measm-ing 6 mm. in diameter : sh, base of shell ; 
s\, middle layer of ditto ; sh^, papilke of ditto. 

Kg. 4. ^c/wdno.— Small portion of a section through the blastodermio vesicle, taken 
from the uterus, and measuring 9 mm. in diameter : sh^ cones derived from 
papillae of previous stage. 

Pig. 5. Phascolcerctos einereus.— The I7th section of a vertical longitudinal series of 
85 sections through tiie segmenting ovum, containing 2 nuclei, taken from the 
uterus, and measuring *17 mm. in diameter : sh, shell membrane ; fe, cells of 
frllinnlBT epithelium; aZb, albumen; ch, pro-albumen; wn, vitelline mem- 
brane ; yi, protoplasm, vrith finest yolk granules ; yj, white yolk ; n, nucleus 
of "TnnIlAr segmentation area ; n^, nucleus of largOT segmentation area. 

Pig, 6, PhasoolafTctos . — Prom uterus, *28 mm. in diameter, stage of 4 nuclm . sA, riiell , 
ch, pro-albumen ; albumen ; vm, vitelline membrane. 

Pig. 7. Phascolarctos.— Eiom uterus, *31 mm. in diameter; lettering as in fig. 6. 
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Fig. 8. Hfpsipi'ymnns. — From uterus, *4 vam. in diameter: sh, shell membrane; vm, 
vitelline membrane ; um, ooagulum ; hi, blastopore ; ep, epiblast ; hy, 
hypoblast. {Of. fig. 2.) 

PLA.TE 81. Zeiss, oc. 2, obj. c. : cam. luc. 

Four sections through the germinal disc of Echidna and Omithorhynchus. The 
violet corresponds to the distribution of the more active protoplasm. The yellow yolk 
spheres are coloured buff. 

F^. 1. Echidna. — ^Median section through the germinal disc of an uns^mented ovum 
taken from the lower part of the Fallopian tube, measuring 3’2 mm. in 
diameter : sh, shell ; alh, albumen ; vm, vitelline membrane. 

Fig. 2. EiMdma . — Stage of four segmentation nuclei Lateral section through one 
pair of nuclei made in a plane at right angles to the first furrow ; ovum 4'5 mm. 
in diameter : %, nudeus of smaller area ; % nudeus of larger area. 
Other letters as in fig. 1. 

Fig. S. Omkhorhynchua.—’Evom open end of Fallopian tube, 2*6 mm. diameter. Stage 
of tight segmentation nudei : <^, pro-albumen. 

Fig. 4. Echidna. — ^From uterus, 5 mm. in diameter. Median vertical longitudinal 
section through germinal disc : %m, coagulum ; ep, epiblast ; hy, hypoblast. 
Other letters as in fig. 1. 
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Tfirai electrical orgaa of the Torpedo 5s so remarkable a structure that it would be 
surpiisiiig if it had not engaged the attention of anatomists and physiologists. A 
brief account, which may embody the principal results of their labours, is a necessary 
prelude to that of the present investigation. 

SisUyi'ioal. — The discovery of the electrical nature of the shock of the Torpedo by 
Walsh (1)* was followed by the remarkable experiments of Ca.vbndish (2). 

Cavendish constructed an artificial Torpedo by placmg charged Ijeyden jars in a 
leather case, which in size and shape resembled the actual fish, and made experiments 
upon this schema, in order to ascertain the influence of its surroundings — whether 
sea-jv’ater, wet sand, or air — upon the distribution of the electrical discharge. The 
results obtained were in close accord with those phenomena which prevailed during 
the activity of the fish, and the experiments thus confirmed in a most conclusive 
manner the views propounded by W^alsh as to the electrical nature of this activity. 

Anatomy of organ.— '&eul . {Z) and Lorenzini (4) had described, previous to 
W^alsh’s discovery, and termed “ musculi falcati,” the peculiar organs which are 
present in the Torpedo. They rightly conjectured that these were connected with the 
special powers which the fish possessed, though they were quite in the dark as to the 
real nature of these powers. After the discovery just ref^ed to, the structure of 
the flail was more fully investigated, among others by John Humteb (5), Cuviejb and 
JoBERT DE T.ATvmAT.TJ! (6). In 1844 Savi (7) published a monograph on the anatomy 
of the nervous system and the electrical organs of the Torpedo which gives an ^urate 
picture of the relations of the organ to its nervous supply, and the mode of ori^ of its 
four large electrical nerves firom a spemal central mass, the electrical lobe, situated 
behind the medulla oblongata, and immediately below the cerebellum. 

Tn his splendid monograph on the more minute structure of the brain of Fish, Fbitsch 
(8) has described the relations of this lobe. It may be considered m aganghonio 
TYiajaff forming a protuberant swelling on each side of the calamus scriptorius. The 

• The ^^riTnAwtla in parenthesis refer to the list of works at end. 
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second, third, and fourth electrical nerves are homologous to the branches of the 
eighth pair (vagus) in the Skate, whilst the first nerve is said to be homologous to 
the fifth. 

Minicte structure of The organ consists of hexagonal columns extene^g 

from the ventral to the dorsal surface of the anxmal. Each column is a connective- 
tissue firamework enclosing a number of septa so arranged as to resemble a pile of • 
plates in dose apposition one to another. The relation of the columns to each other 
is shown in fig. 1, which represents a ti’ansverse section through the two organs and 
the body of the animal, the figure being very diagrammatic. 



' The more minute structure of the columns and septa has been investigated by 
Pagiot, R. Wagneb, Ranvieb, and others, for the details of which the work of 
Eanvieb (9) gives ample references, and a special investigation of the termination 
of the electrical nerves has been made by Ewaud (10). Leaving debatable matter on 
one dde, it may be asserted that the colirmn contains a large number of transversely 
di^osed protoplasmic septa, in which are numerous conspicuous nudet The nerves 
enter the cdumn in such a way that the branches lie between the septa. Erom 
these branches a very large number of finer branches proceed to the ventral surface of 
the septa. He physiological change, which follows the arrival of the exdtatory 
nervous impulse, is produced almost coinddently in all the septa, and is of such a 
character that the ventral surface of each septum becomes negative to the dorsal 
sur&ce. It must, however, be borne in mind that when examined in the fresh state 
no distinct surfaces are seen on the septa ; the fluid, which in fresh preparations 
appears to intervene between the septa, being in reality the semi-fluid protoplasm of 
wlfich these consist, in which Srownian movement of granule can be seen even in 
dose proximity to the nudei. 

Physiology of organ . — ^If we now direct our attention to the physiolo^oal side of 
die subject, we And that among the numerous investigatious which have hema made 
upon the dectromotive activity of the Torpedo, those assodated with the names 
of CoiJAnoB, MAriEUOQi, Mabev, and mr Boxs-BEvaiONi) stand out as the most 
important, and the results arrived at by these observers will indicate with sufidoient 
aconracy the present p<»ition of our knowledge. 

Prmaw — The work of CSolladon (11), published in 1836, was 

passed by almost unnoiaoed imtfl nu Bois-Birsifoim, in bis treatise entitled “ Lebende 
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Zitterrochen in Berlin,” drew attention to it and confirmed the main sbatements 
ooutained in it. Oolladon determined galvanometrically the distribution of electricity 
on the surface of tho Torpedo when the animal discharged its shock, a distribution 
which Cavendish sixty years before may be said to have forecast. The results axe 
summed up by DU Bojs-Beymond as follows (12) : — 

“ (1.) All points on the back are positive to any point on the belly. The strength 
of the current diminishes in proportion to the distance of these points from the organ, 
and almost entirely disappears at the taiL 

“ (2.) Any two unsymmetrical points of the back, or any two of the beUy, almost 
always yield a cuiTent in the galvanometer. The one nearest to the organ is positive 
in the back, negative in the belly. 

“ (3.) When contact is made with two symmetrical points either of the back or 
beUy, there is no deflection in the galvanometer. 

“ As COLLADON was the first to determine the electrical condition of the dorsal and 
ventral surfaces of the Torpedo, I have given the name of OoIiLADOn’s currents to the 
currents between points on either of these surfaces.” 

As DU Bois-Rbymon'D has shown, the distribution is further modified by the unequal 
length of the columns, every point of the dorsal surface of the organ bemg positive to 
a point of the same surface which is situated further away from the median edge of 
the organ. The reverse must naturally be the case with reference to two points on 
tho ventral surface of the organ. 

Mattbucol — ^In 1837 Mattbucci (18) published his reseai-ches on the electro-physio- 
logical phenomena of animals, and devoted a large portion of his work to the electro- 
motive phenomena manifested by the Torpedo. The earlier observations had been 
made upon the discharge produced in tho organ on irritation of the uninjuied fish. 
This discharge was therefore a reflex efiect, the efferent path of whidi was dearly 
indicated by the electrical lobes and the large electrical nerves which proceeded from 
these to the organs. Matteuooi commenced along the same lines, and ascertained 
that cold abolished and moderate warmth restored this reflex discharge, that after a 
prolonged series of shocks the reflex was so weak as to be inappreciable, but that after 
an intei*val of rest the discharge returned with all its former intensity. 

He found that a stryohnised Torpedo gave a very prolonged discharge which, whilst 
very intense at first, grew feebler and feebler, until, as might be expected, no farther 
effect could be detected. 

Division of the electrical nerves or destruction of the electrical lobes completely 
abolished the discharge. He employed both the galvanometer and a much more 
sensitive instrument, the rheosoopic frog, for determining the presence of electromotive 
differences. With the nerve of a nerve-musde preparation in conta^ with the 
surfaces of the organ, he found that a rapid electromotive change occurred in the organ 
on division of the electrical neive, as evidenced by the twitch of the musde, and that 
this effect occurred whenever the peripheral end of the divided nerve was exmted, 
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Esther meohiimaaiy or by tho pa«ogo through it of a voltaic current. A dee^nding 
direction of cunent was found to be more favourable than an ascending for the 

production of such an organ response. «> j j 

The response of the organ to electrical excitation of its cut nerve thus afforded an 
opportunity for investigating the activity of the organ by using “nerve-organ” 
preparations, just as the phenomena of muscular activity had been investigated by 
observations made upon nerve-muscle preparations. It was, however, some years 

before the subject was approached along these lines. 

Eokhard. ^In 1858 Eokhabd (14) showed that the observation as to the more wm- 

plete response of the organ to electrical excitation of its cut nerve, when the excitmg 
current used was a descending one, held good not only in the case of voltaic currents, 
but also when induction currents were used. He endeavoured with the impeifect 
means at his command to ascertain the character of the organ response, and came to 
the conclusion that its duration was longer than that of an induction shock of much 
the same intensity. 

Maiikv. — ^ lu 1871 a series of experiments was begun by Maebt (15) at Naples, 
which were continued at Paris (16) ; the full results were published in 1877, and the 
concluBionB which he arrived at are as follows : — 

(1.) exdtation of the peripheral end of a cut electrical nerve gives rise in the 
organ to a tingle shock (flux), just as the RiTnilar single excitation of a motor nerve 
gives rise to a single contraction of the muscle which it supplies. 

(2.) The time relations of the “ flux,” as ascertained by the frog signal, show a 
period of inactivity {temps perdu) amounting to about *01'^ between the excitation 
and the response, and a duration of the response equal to six hundredths of a second. 

(3.) The reflex discharge [dScharge) of the fish consists of a series of such single 
shocks. These may follow one another with great rapidity, at a rate of one to two 
hundred per second, and under such tiicumstances must blend just as successive 
muscular contractions fuse when the excitations which produce them occur at intervals 
of time which are less than the duration of the individual contractions. 

(4.) The frequency and strength of the successive shocks which form the powerful 
reflex discharge are oflected by variations in temperature, by fatigue, &c. 

The experiments upon the nature of the reflex discharge were particularly 
ingenious ; attention may be drawn to such methods, for instance, as that of leading the 
Torpedo discharge tbrough the primary circuit of an induction apparatus and 
ascearttining hy a telephone the state of the secondary coil, and as that of leading the 
dSsdbsige through a modified Bbspbsz electro-magnetio signal and recording its 
movements. 

JoiiTKC. — '"With regard to the time relations of the single response, it was shown 
in 1888 by JottTirr (17) that a diflerent interpretation must be ^ven to the interval 
which was found to tiapse between the extitation of the nerve and the response of 
the organ. Joa^SHr fiiund that a large part of the lost time was in realily consumed 
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in the passage of the nerrous impulse down the nerve to the organ ; the nerve con- 
ducting more slowly than Makky had supposed — according to J oltbt, at a rate of 
7 metres in a second. 

Du Bois-Reymond. — ^The extensive work of nu Bois-BiEYMOND (18) re ma i n s to be 
referred to. This deals not so much with the response of the organ to excitation of 
its electrical nerve as with the peculiar behaviour of the organ itself in respect to the 
passage through it of electrical currents. The main facts which are thus brought out 
may be bi’oadly stated as of two kinds. First, those relating to the electromotive pro- 
perties of the organ after the passage through it of an eleotiical current; and, secondly, 
those relating to the influence exerted by the organ upon the traversing current 
itself— in other words, phenomena of polarisation or after-efiect, and of conduction. 

In both these respects the behaviour of the tissue varied with the direction of the 
electrical experimental current. It was thus necessary to definitely label the experi- 
mental current with regard to its direction through the organ, and with this view a 
current pnaaing through the tissue from the ventral to the dorsal surface was termed 
“ homodromous,” since its direction was similar to that of the response, and a current 
pfuamng in the opposite direction was termed “ heterodromous.” A strong galvanic 
current of short duration, whether “ homodromous,” or “ heterodromous,” is followed 
by an electromotive change which shows itself galvanometrioally as a current 
passing through the organ in the direction of the shock. With weaker galvanic 
currents or currents of long duration after-effects are produced which are opposed 
in direction to the experimental current. 

The influence of the organ upon the experimental current itself is very surprising, 
for it would appear that the organ is a better conductor for “ homodromous than it 
is for “ heterodromous ” currents. This remarkable jGact is not, according to nu Bois- 
Beymond, due to the development of an excitatory change which adds to the amount 
of one current whilst it diminishes that of the one oppositely directed ; it can therefore 
only be called, for want of intelligible physical explanation, a case of “ irreciprocal 
conduction.” 

He states further that both facts are of great teleological importance, since they show 
that the shook of the organ, instead of being weakened by polarisation in the tissue, 
will be strengthened by the production of an after-effect in the same direction as 
itself, and that the organ is of such a character as to distinctly dis&vour any shorfc- 
drcuiting of the current present in one column by its neighbour. To quote his own 
words, “the organ is not insulated, but the irreciprocal conduction which we have 
recognised performs, as has been already stated, a function similar to complete 
insulation. Each column conducts its own homodromous current comparatively 
well, but bars the passage to the heterodromous current threads of all the other 
columns ; and, as this is the same for all the columns, the heterodromous current tl^ads 
are forced to talrft the drouitous route round the edges of the organ, just as if the 

organ consisted of a non-conducting substance’ (19). 
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Besides these two important fiwts the work of DU Bois-B-EyMOND brings into 
notice the presence of an organ-current in the quiescent tissue (20). This organ- 
current is a feeble counteipart, as far as its direction and distribution are concerned, 
of the electromotive changes which are present during the state of activity. The 
existence of this current is a matter of very great interest in relation to the well- 
known diversity of opinion as to the so-called “ demarcation ” currents and “ currents 
of rest ” present in muscle and nerve. 

There are thus three distinct aspects under which the electrical oigan of the 
Torpedo has been and may be studied. 

l. As an inactive organ with reference to the effect produced upon it by the 
operation of such agents as galvanic currents, mechanical injuiy, temperature, &o. 

IT. As an active oigan, the activity of which has been evoked by excitation of the 
peripheral end of its divided electrical nerve, with reference to the influence of 
varying conditions on the time relations of this activity. 

m. As an active organ, the index of a central nervous discharge. 

The e:q)eriments which form the subject of this communication are concerned with 
the flist and second aspects of the organ, the reflex discharge being reserved for 
further investigation at a period when the conditions should be more favourable than 
they were at the particular time of year (JDeoember, 1886, and January, 1887) in 
which the present observations were made. 

Obj&}t of present research . — we now contider to what extent our knowledge 
of the electromotive phenomena of the Torpedo still remains obscure, we shall be 
better able to appreciate the direction of the present research. 

The nei've-organ response . — ^Ib has been shown that Marey has investigated the 
time relations of the rraponse of the organ to excitation of its nerve. The sub- 
sequent correction by Joiybt, previoudy refOTred to, shows that the first investigation 
omitted to take into consideration one most important detail The investigations are 
defective in omitting other details, which, as &r as the phenomena of muscle and 
nerve are concerned, are of great importance, such as temperature, strength of 
stimulus, Ac. Moreover, the methods employed hitherto cannot be regarded as 
furnishing thoroughly rdiahle data. The frog-signal may he described as a touch-and- 
go instrument, a delicate galvanoscope which does not appreciate differences in the 
amount of the currents which excite it. It gives approximately accurate information 
as reffatds the commencement of a sudden electromotive change in the tissue with 
which it is connected, and when used, as Marey used it, with a pendulum rheotome, 
may uuficate the duration of that change, although it is uncertain to what extent 
it would respond to any slight electromotive change which may attend the suh- 
tidenoB of the main effect. As it gives no data firom which to construct the curve 
which may r^resent the development and decline of an electromotive change, 
Mabey used the Dbbpbbz sigual for this purpose. The signal was modified by 
substituting for the usual epdug an elastio cushion between the magnet and the 
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armature. iVom the eitrve traced by this signal when the organ response is led through 
it he deducofj the character or the curve, developing rapidly and subsiding more slowly. 

A more accurate curve might be obtained by photographing the movement of a 
quick capillary electrometer, but even this could not be considered satislactory unless 
a series of galvanometrio readings corresponding to known time intervals had been 
also made. The great improvement in the construction of galvanometers renders 
this last method still moi e satisfactory. 

A series of galvanometrio readings may not, owing to the short closures necessi- 
tated by the rheotome, give a complete account of an deotromotive change, birt as far 
as it goes it is perfectly trustworthy. It was, theiefore, with the object of making 
such series of galvanometrio readings that the electromotive phenomena of the 
response were re-investigated in the present reseamh. 

The organ-ouvrent . — The uncertain and meagre character of our knowledge with 
respect to the organ-current is much more pronounced. We are able to predict with 
certainty that, if in muscular or nervous tissue a violent local molecular change is 
effected by mechanical injury or by the application of heat or chemical reagents, 
a change such that there is on the one side complete death of tissue, and on the 
other side tiosue of which the vitality is unimpaired — the former state shadmg into 
the latter — ^then this will manifest itself by an electromotive effect in the neighbour- 
hood of the injury. This electromotive change is always of such a character that the 
impaired tissue becomes strongly negative to the unimpaired tissue, 

But with regard to the possibility of producing such electromotive phenomena in 
the electrical organ we know nothing. The great importance of e 3 q)eriments upon 
subject is sufficiently obvious, and the first part of the present research is, 
therefore, devoted to the results of such esq)erim6uts. The remarkable charwtOT of 
the discoveries of ntr Bots-Ebymond, already referred to, warranted re-investigation, 
fl.Tid a large number of experiments have been made with reference to these. 

The results embodied in the pr^ent preliminary account may, therefore, he grouped 
under three heads : — 

I. Experiments relating to the organ-current. 

II. Experiments relating to the time relations of the exdtatory change produced 
in the organ by excitation of its nerve. 

ni. Experiments connected with the passage of electrical currents through the 
organ- 

AE the experiments were carried out in the months (ff December, 1886, and 
January, 1887'. Through the kindness of the Soci^W Scientifique d'Arcachon, several 
rooms in the Zoological Station at Aroaohon were placed at the disposal of Dr. Bukdok 
Sajetdbbson' and myself. The methods and lines of work had to be decaded upon in 
England, as it was necessary to take out all the essential apparatus from the Oxford 

Physiological Laboratory. ^ 

It thus necessarily happened that in some instances work had to be given up whilst 

BtiH incomplete, as some essential piece of apparatus was wanting. 
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In the summer the shallow water of the Bassin d’Arcachon contains many Tor- 
pedoes ; bat in the winter the Ssh leave the basin for the deeper water outside. 
There was, however, no difficulty in procuring them, provided the weather was suffi- 
ciently favourable to allow the steam trawlers to work. The Torpedoes were found in 
sufficient ntunbers on the sandy bottom of the sea, at some little distance from the 
shore. They were caught in the trawl, and were, undoubtedly, exhausted by the 
process. Here, however, the cold acted favourably, for, the fish being caught at night 
and kept in tubs on the deck, the temperature was sufficiently low to abolish the organ 
reflex. When brought to the laboratory, the fish rarely showed any movement except 
the winking of the spiracles. Placed in water at 10 C., they recovered, and buned 
themselves in the sand at the bottom of the tanks. They were easily sorted by size 
into small, medium-sized, and large full-grown fish. The small fish were newly-bom, 
and measured 13 centimetres in length and 8 centimetres in breadth. Nine of these 
were from the uterus : five from one Torpedo, and four from another ; the four 
last-named lived for one or two weeks, and were very vigorous little fish. Of 
Torpedoes of this class, eight were used for experiment. 

The medium-sized fish were probably the last year’s young. They measured from 
22 to 25 centimetres in length, and from 14 to 17 centimetres in breadth. Four such 
fish were used for experiments. 

The large fish measured from 40 to 52 centimetres in length, and from 25 to 82 
centimetres in breadth ; of these, seven were used for experiment. 

Although only 19 fish were experimented upon, it must be borne in mmd that one 
Torpedo furnishes a Tnaas of material for work, since the organ preserves its excitability 
for many hours when kept in the cold. 

L ExpcrimenU relating to the Organ-Cwrremt. 

The organ-cuirent is essentially what in other tissues has been termed a “ current 
of rest.* It has been ascertamed by Dxr Bois-Eetmond to be present both in the 
entire organ and in cut-out strips of organ as a persistent affect. The current in the 
unexdted tissue has the same direction in ilie organ as that produced by the response 
of the organ to excitation (the shock) ; that is to say, it is directed through the 
columns firom their ventral to their dorsal surfaces. Its amount, though always 
inconsiderable as compared with that of the response, is, like the latter, dependent 
upon the length of the organ columns ; and, consequently, the current has the same 
general distribution over the surface of the organ as tbe excitatory effect. This is 
thus Mpessed by nxr Bois-EEyuoKD : If we put out of account tbe smallness of 
the di&cenoeB of potential, the electromotive surface of the quiescent fish differs from 
of s e m e animal when giving a shock only in the induction which accompanies 
the shot^’^ (21). Its presence in small strips of tissue enabled du Bois-Eethobd 
to oalcabte the eteetromcrtive fbrce of a tingle plate of a column in the unexcited state, 
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which he finds may equal •0000117 of a Daotell. No comparison is given between 
the current found to be present in the entire organ and that existing in the cut strip 
of tissue, fi:om which it would seem that the different condition of the tissue in the 
two cases was considered as standing in no relation to the production of the current. 
My experiments show that, so fer from this being the case with the tissues which I 
examined, there is a very marked difference between the organ-current shown by 
an entire organ and that shown by a cut strip. The galvanometer used in these 
experiments was a Thomson of high resistance, made by Elliott, which was brought to 
such a degree of sensibility that *0001 Raoxtlt gave, with a resistance of 10,000 ohms 
in the circuit besides that of the instrument (5832 ohms), a deflection of 230 scale. 
By TviAanH of the compensator (described by Bdbdon Sanderson (22)) the organ- 
current could be “ balanced,” and the electromotive condition of the tissue thus 
measured. The balancing circuit was arranged in the m an n er described by the same 
writer, but a Oallatjd cell was used as the constant balancing battery, and the 
measurements were made in terms of this. The Oallaud cell is a gravity battery 
used in telegraphy, and is a modification of Thomson’s gravity battery. As the copper 
is immersed in sulphate of copper, and the zinc in sulphate of zinc, its electromotive 
force is that of a Raoiji/e. The requisite determinations for the purpose having been 
made, the differences of potential are here given in terms of a Eaotjlt. 

The amount and direction of the organ-current m the entire organ were ascertained 
in ten instances , the fish were killed by destruction of the brain, but were otherwise 
uninjured. The whole fish was therefore used for experiment, and was fixed with its 
ventral surfiice against a vertical board j this was perforated so as to allow the ventral 
siurface of the organ to be reached by a leading-off electrode. The dorsal and ventral 
Burfeoes of the organ were now led off by kaolin cushions moistened with *6 per cent, 
saline, and connected witli U-siifl-ped non-polarisable electrodes. The points selected 
for leading off were opposite one another on the respective surfeoe, and were dtuated 
in the middle of the organ. It is surprising, in the light of Dir Bors-REYMOND's 
statements, what contradictory results were thus obtained, as the following Table 
shows. The difference of potential existing between the dorsal and ventral electrodes 
is indicated in terms of the dorsal electrode. The sign +, therefore, signifies that the 
dorsal surface led off is galvauometrically positive to the ventral sm-face, and that a 
current passes through the organ colum n s from their ventral to their dorsal ends. 

p-wATT. Torpedoes.— Six animals investigated. 

(Borsal surface as compared with ventral surface.) 

+ •002 R; +*001 R; + *0006 R. 

— -OOOOR; +‘0005 R; + ‘0015 R. 

Medium-sized Torpedoes. — ^Four aniTna i l s investigated. 

+ *0017 R; — '0011 R; — *0008 R; — *0012 R. 
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The difference between the two contacts is thus seen to be very small, and in four cases 
out of ten was opposite in character. It was evident that nothing could be made out 
with certainty as to the state of matters in the entire animal On the other hand, the 
blocks of tissue which were cut from these and other animals for rheotome experiments 
never showed any such discrepancy. In these the difference was always such that the 
dorsal end of the block was positive to the ventral end. It is needless to ^ve 
examples of this now, for the experiments which wiU be given will afford convincing 
proof of the truth of this statement ; but it may be stated that in 45 instances 
in which the organ-current of a out strip or block of tissue was observed and noted 
there is no instance of the current being otherwise than -j-» nnd that in all cases the 
strength of the current fer exceeded that which was obseiwed in the case of the entire 
animal 

TIia i^iffaTATifiA observed very early in the work between the organ-current in the cut- 
out of tissue, and that in the organ when in sitU) suggested the view that the 
increased current found to be present in the former tissue was dependent upon the 
nature of the preparation — upon the &ct that the piece of organ used was bounded by 
iTiAimnna It was, therefore, determined to ascertain how far such incisions did affect 
the result. For this purpose the following experiment was caaried out : — medium- 
Kzed Torpedo, 18 centims. long by 12 wide, and 15 millims. thick at the median boi*der 
of the organ, was fixed on a perforated vertical board ; the brain had been pi’eviously 
destroyed, but the other parts of the fish remained intact. The skin covering the 
dorsal and ventral surfoces of the right organ was now led off by kaolin plugs, 
the leading-off points being situated in tlie middle of the length of the organ, and 
5 Tnillttna- outstde its median border ; and care was taken that the one electrode should 
be exactly opposite the other. The dorsal surface was foimd to be n^ative to the 
ventral ; the difference of potential was, however, quite inconsiderable, and amounted 
to -- *001 B.A.OULX. 

The organ, with its ddn coverings, was now cut through a few millimetres in front 
of the leading-off electrodes. The direction of the cut was from without inwards and 
slightly backwards, and did not extend beyond the median border of the organ. On 
examining the tissue two or three minutes after the incision, the difference of potential 
was found to be the reverse of what it had been ; the dorsal contact being now positive 
to the ventral, the difference amounted to + *0005 B. 

A second cut was now made at right angles to the first cut, and thus nearly paralld 
with the long axis of the fish. It was external to the leading-off contacts, and 
extended through the length of the oigan. The tissue now led off was, therefore, a 
long blook bounded internally hy the median border of the organ, anteriorly by the 
first ccd* extesrnally by Ae second cut, and poBteriorly by the posterior boundary of 
the organ. The dilbrenoe of potential was found to be stiLL fiirtber increased after 
this tniwAwj i>,Ttd to -f *0016 E. 

Tbe left otgfln of tike same fish was now taken, and a large wedge-shaped block 
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cut from it. This was effected by two vertical indaiona through the orgaai in the 
direction of its columns, extending from the median to the external border of the 
organ. The cuts were parallel, and were 13 milliins. apart. The block of tissue 
was separated from the gills which lie close to the median border of the organ. It 
was thus a slice of organ the dorsal and ventral surfaces of which remained covered 
by skin. This preparation was placed upon a glass plate, resting with one of its cut 
surfaces in contact with the glass ; the dorsal and ventral skin surfaces were now led 
off by kaolin cushions, and the difference found to be 4- ‘0002 E. The slice was 
now reduced in thickness by cutting it into two thinner slices, the cut being parallel 
to the previous ones. One of these long slices, which resembled the previous one in 
all respects except that it was only 6 millims. in thickness, was now examined, and 
the difference found to be 4- ‘0007 E. This slice was still further reduced by another 
cut, HTid now measui'ed only 3 millims. in thickness. Tlie skin still remained covering 
the ends of the columns, and when led off a marked difference of potential was 
observed. This difference declined slowly ; it was compensated at intervals of one 


minute. 



It declined now very slowly, and another inmsion was therefore made. This was 
across the slice at right angles to the previous cuts. The exp^ental portion 
was therefore reduced to a small block of tissue, of the same thickness as before 
(3 millims.), but with a cut edge running parallel to its median border. The difference 
of the skin contacts was 4" '002 E. before the cut, and after the out it was frund to 
have largely increased. ^ 

1 zaiimte after the cut difference = + *0051 


2 minutes 


3 

4 

5 

6 


>9 

}> 




= + '0039 
= + *0031 

B3 + *0028 

= + ■002S 
= + '0023 


This block was now divided in the direction of the columns, a small prism of organ 
being thus Tnndft 12 mm. in length in the direction of the columns, 5 mm. in breadth, 
and 3 mm. tHck. Three minutes after its preparation it was exammed, and the 
difference of the ends of the columns found to be *4 *0039 B. 

3 s 
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From the preceding experiments we axe led to conclude that after cuttmg the 
organ an electromotive change occurs in the columns hordermg on the cut, of su^a 
character that the dorsal ends of the columns axe positive to the ventral ends. The 
clmnge is evidently that observed by dtj Bois-Hexmond in strips of tissue, and called 
by him the organ-current. It subsides rapidly at first, and then more and^ more 
slowly, and is in this respect analogous to the demaxcation-current produced by injury 
in muscle and nerve. 

In the latter tissues a prolonged electromotive change is produced when a portion 
of the tiffiue is injured by mechanical, thermal, or chemical means ; this effect slowly 
subsides j it is increased when the tissue in the neighbourhood of the injury is wanned, 
diminished when that part is cooled. In both muscle and nerve the demaxcation- 
ourrent is the sum of changes produced by the injury in a number of electromotive 
elements, and its amount is therefore dependent upon the number of muscle fibres or 
nerves which are involved in this injury. The effective injury for its production 
in these tissues is thus a section which shall cut at right angles to their length as 
many fibres as possible. 

Now, in the oiganof the Torpedo the electromotive elements, plates, and nerves are 
disposed at right angles to the length of the firamework which encloses them, and 
which constitutes a column. 

A proceeding analogous to that of making a transverse section of the nerve fibres 
of a nerve trunk is thus earned out upon the organ columns when an incision is made 
through the organ paralld. to the columns. Such an indmon must cut at right 
angles to thdr length a large number of plates and nerves ; this should be followed 
by an dectromotive change which expresses the sum of the local changes occurring in 
the immediate ndghbourhood of the cut. 

This is what I conceive to be the meaning of the organ-current. Like all 
“ demarcation” currents, it is the expression of a protracted state of excitation of the 
still living tissue in the neighbourhood of the injury. The corresponding electro- 
motive change must manifest itself as all the excitatory phenomena of the Torpedo 
manifest themselves, namely, as a current passing through the column fi:om the 
ventral to the dorsal surfiice. 

In support of this assertion we will now pass to experiments as to the effect of 
local warming of an incised suifiice. 

From a small Torpedo 13 centims. long by 9 oentims. wide a dice of organ was cut, 
which was then divided up into three blocks. Each block comprised the whole length of 
the columns which remained covered by skin at their dorsal and ventral ends. Each 
was 2 mms. wide and 8 mms. thick, and thus consisted of several unimpaired columns 
surrounded by columns which had been out through parallel to their length. These 
oylindere of tissue were now examined, the skin ends being led off by kaolin cushions. 
The first cylinder, raamined five minutes after its preparation, showed a difference 
of potwtial = -4* ‘0045 B., subdding rapidly to -)- *0034 B., and then more dowly. 
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A. hot iron wire was now brought within a few millimetres of one of the cut sides 
of the preparation ; the difiFerenee iounediately began to rise, as was shown on the 
galvanometer by a slow deflection amounting to more than 200 scale. On with- 
drawing the wire, the difiference subsided ; on approaching it, it rose again. The second 
cylindrical block was examined in the same way half-an-hour after its preparation. 
The difference was found to be -f- ’0017 R. One of the cut sides was now warmed as 
before, and the difference rose ; when it had attained its maximum of rise it was 
compensated and found to be + ‘002 E.. On withdrawing the hot iron wire it fell 
again, but on again bringing the hot wire near the cut surface it rose to + ‘0022 R. 

Similar results were obtained with the third cylinder, and could always be brought 
about in such preparations. In this respect, then, the organ-current resembles the 


demarcation-current of musde' and nerve. 

One of the most efficient methods for the production of a demarcation-cuiTent in 
the last-named tissues is that of making what is termed a “thermal section.” ^ This 
method has the advantage of injuring the tissue locally without altering its dimen- 
sions to any considerable extent. It should be possible to produce similar thermal 
sections in the case of the Torpedo. From what has been said as to the structure of 
the electrical organ it is evident that the appropriate thermal Becti.on would be 
obtained if a block of tissue could be prepared which should consist of a few 
unimpaired columns sun-ounded by otlier columns partially in a state analogous to 
heat rigor. This was effected by the following simple plan A cubical block of 
tissue, consisting of several columns with their ends covered by skin, was hdd by its 
dnTflftl Hkin in the forceps, and then plunged in hot water so as to be wholly immersed 
for two seconds. On examining the block, the sides were seen to be opaque-looking. 
They were undoubtedly destroyed, but in the interior the substance of the columns 
appeared to be unimpairedL In such a block a thermal section has therefore been 
made on every plate and nerve branch within a millimetre or so of the surface, '^e 
resulting difference should therefore be very large, and investigation showed that this 


was the case. „ 

Three strips were out from the organ of a large Torpedo. The first was cut (OT 
the median edge of the organ. The length of its columns was 55 nuns., and the 
strip was 3 mms. in thickness and in width. It was immersed in hot water for two 
seconds, and then examined by leading off the skin covering the ends of the columns. 
The difference was found to be very large, amounting to as much as -|- ‘052 R. 

The second strip was out from the organ midway between its median and outer 
borders. Its length (23 mms.) was less than the previous one, owing to the columns 
being shorter at this point, but in other respects it resembled the first stiip. On 
flTrn.Tnining the difference two minutes after immersion it was found to be •4" 0336 
A third strip -was out from the outer border of the organ, where the columns 
measured only 12 mms. in lengtL It was otherwise of the same dimensions as the 

382 
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preceding onee. It was immersed in liot water for two seconds, and the difference 

two minutes afterwards was found to be -}- *0192 B/. 

This ejqieriment left no doubt as to tbe possibility of producing effects comparable 
with those of thermal section by an analogous mode of injury, and it is to be remarked 
that the electromotive change produced is the gimter, the longer the columnar strip. 
This is due to the fact that the number of electromotive elements operated upon is 
proportional to the length of the strip. 

Another experiment was made upon a strip cut from a medium-sized Torpedo, and 
measuring 25 mms. in length and 3 mms. in thickness and breadth. This strip was 
kept in the cold for one hour and then exammed j the difference was found to be 
-b -0021 B. It was now immersed for a few seconds in hot water and re-examined, 
when the difference had increased to as much as -b ’0226 B. 

Since the effect is produced by injury of the plates, which injury causes an electro- 
motive change in the plates such that the ventral aspect of the plate is negative to the 
dorsal, it must follow that, whether the injury extends along a whole column or only 
along a small portion, the effect is always of sunilar direction and character. 

The electromotive plates respond to the local excitation of injury as they do to 
nerve excitation, but the response in the former case is comparatively feeble, and 
is very prolonged. Wherever the nyury may be, the effect must, therefore, be that 
the dore^ surfooe of the column is positive to the ventral surface. If, for instance, the 
dorsal half of a column be immersed in hot water, the effect must be of similar 
character to that produced by total immersion, and the same must be the case if the 
ventral half he immersed. The difference between partial and complete immersion is 
merely a difference in the amount, not in the direction of the effect produced, the 
amount being proportional to the number of electromotive elements affected. 

Three strips were out from the organ of a large Torp'edo, each measuring 20 mms. in 
length of column, muI 3 Trivna- in fbinknfiaH and width. The first strip, when examined 
half-an>hour after its preparation, showed a difference of H- *0091 B. The dorsal half 
of the strip was immersed in hot water for two seconds, and the difference rose to 
-b *0209 B. The second strip showed a difference of -b *0084 B.; the ventral half of 
this was immersed, and the difference rose to + *0264 B. The third strip was wholly 
immersed, and the difference amounted to *0340 B. 

In another experiment upon a strip cut from a medium-sized Torpedo, the columns of 
which measured 25 mms. in length, the strip was found to show a difference, an hour 
and a half after its preparation, amounting to -b *0007 B. The dorsal fourth of the 
strip was immersed fortwo seconds, and the difference rose to -b '003 B.; as soon as 
possible the vential fourth of the same strip was immersed, aud the difference rose to 
-4- *0065 B. ; the whole stiip was now immersed, and the difference rose to -b *0228 B. 

These results justify the statements which preceded them, and show that, whatever 
the part iiyored, the effect is the same, the organ-current bring always similarly 
directed thrmgh the columns^ namely, from the ventrcd to die dorsal surface. 
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There is a possible source of fallacy connected mth the nature of the preparation. 
The pTfin may have electromotive properties, and electromotive changes may follow its 
injury. The subject has been investigated by Dir Bois-Bbtmond, but without any 
decisive results (23). It would appear, however, that if the skin is electromotive it 
is only feebly so, and any change from the skin must, in blocks of organ, be swamped 
by the larger organ-current. Experiments were, however, made upon the subject at 
Arcachon which showed that in iiLe injured shin the surfece becomes negative to the 
deeper uninjured parts. We should, therefore, expect that injury of the dorsal skin in 
the case of an immersed block of tissue would cause an electromotive change opposing 
that of the organ, whilst similar injury of the ventral skin would cause a change 
favouring that of the organ. If this be so, then in the case of a strip of organ with 
nlrin remaining on its dorsal and ventral surfaces, which has been totally immersed in 
hot water, the total electromotive change is that of the plate’s organ-current phis 
that of the ventral skin minus that of the dorsal skin ; the skin effects, one opposing 
n.n(1 the other favouring the total organ effect, thus balance each other. But, if a strip 
be cut and the organ-current allowed to subside, injury to the dorsal akin only should 
be followed by pii^ing of the difference, injury of the ventral skin only by rise of the 
difference. The following experiments justify this view. In a strip 25 mms. long and 
3 twtyih in width and breadth, examined one hour after preparation, the difference 
between dorsal and ventral surfeces was + ‘0021 E. The strip was now held up 
by its ventral skin, and the dorsal skin allowed to touch a hot suifrce. On examining 
the difference, it had diminished to — '0008 E. The same strip was now held up by 
its dorsal «kinj and the ventral skin was allowed to touch a hot sur&ee : the difference, 
when examined, had increased to -|- ’002 E. Finally the whole strip was immersed in 
hot water for two seconds, when the difference was found to be -f ’0226 E 

In another strip, cut from a small Torpedo, and measuring 18 millims. in length, the 
difference 15 minutes after preparation was found to be + *002 E The dorsal skin 
was now carefully removed, and the contacts were made upon the ventral skin and the 
dorsal ends of the columns respectively. The difference had diminished to -h *00 15 E 
The ventral wkin was carefully cut off, the contacts now being made upon the 
uncovered ends of the columns, and the difference found to be -|- *0027 E. In the 
operation of remo-ving the skin it is difficult to avoid injuring the org^ colun^ ; such 
injury would always produce a + effect, which would have to be taken into consideration. 

It seems, then, that in the injured skin the suifece becomes negative to the unin- 
jured deeper parts. It is, therefore, not improbable that the very small currents 
observed in entire Torpedoes are, to a large extent, skin currents, these b^ pro- 
duced by the injuries which the skin must receive in the process of capture, handhng, 
&C. ; but the question is one which demands ftmther investigation. It is obvious that 
it does not affect the present inquiry. 

An “ organ-current ” may be reproduced in a strip of tissue 24 hours after the 
preparation of the strip. Thus a block of organ was cut from a medium-smed 
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Torpedo : the difference amounted to + *0062 R ; it was left until the next day, being 
kept in the cold and surrounded with other fragments of organ to keep it moist. 

When examined after 24 hours, the difference was found to be very small— indeed 
hardly perceptible. It was now wholly immersed for two seconds in hot water, and 
the difference was examined. It amounted to + ’0195 R. ; in three minutes it sank 
to + -013 R., then to + ’008 R., + *006 R., + '005 R., + ’0043 R., + ’0086 R., &o., 
the difference being compensated every three minutes. 

It hnfl been observed that the difference following injury is of such a character that 
it declines at first rapidly and then more slowly. 

Experiments were made to ascertain the rate of this decline. For this purpose the 
effect was recompensated at regular intervals ; the results of three series are now given 
with strips led off by their dorsal and ventral skin ends : — 


Viine bRm 
prepflraiioii. 

Cat BGzip dO iwilliTnB* long. 

Cat Biaip 15 millims , 
inmiersea for 2 minat^ 
in hot water. 

Out Btiip 15 jnilliiDB.j 
ImmerBoa for 2 mlaatoe 
in hot water. 

ndnates. 

2 

diff. -f-027S R 

+•0256 B. 

+-0226E. 

8 

-(-0280 

+•0180 

+•0175 

4 

+•0205 

+■0135 

+•0146 

5 

+•0180 

+•0125 


6 

+•0160 

+•0117 

+•0112 

7 

+•0140 

+•0110 

+•0106 

8 

+•0126 

+•0102 

+•0100 

9 

+•0117 

+•0096 

• • 

10 

+•0110 

+•0090 


11 

+•0100 

+•0086 


12 

+•0092 

+•0088 

• • 

18 

+•0087 

+•0081 

• • 

14 

+•0082 

+•0078 

• • 

15 

+•0076 

• • 

• • 

16 

+•0071 

.. 


17 

+•0068 

• • i 


' 18 

+•0065 



1 19 

+•0062 

• • 


1 20 

+•0059 



21 

+•0056 

• m 


22 

+■0063 

• • 


1 28 

+■0050 


■ ■ 

24 




26 




26 




, 27 



• « 


The effect is seen to decline rapidly at first and then slowly. This is a very 
characteristic frature of the oi^^m.-aorxBnt, and, apart from its obvious resemblance 
to the demaication-ooiTent observed in cardiac tissue, is strongly suggestive of the 
excitatory nature of the whole phenomenon! A point of great interest in t.hia 
connection is the influence on the rate of the decline of a nerve-organ response. 
The experiments which were made on this subject were not, however, satas&ctory, 










OF THE BLBOTRIOAL ORGAN OF TORPEDO MARMORATA. 


508 


owing to the lack of suitable methods ; they only diowed that the decline was more 
rapid when the oigan was excited. 

The facts relating to the organ-current may now he summed up as follows : — 

The difference between the dorsal and ventral surface of the organ is very small in 
the uninjured organ when examined in situ, and under these circumstances is often 
of opposite sign in different animals. 

When a portion of out tissue is examined an electromotive difference is always 
found to be present, and is such that the dorsal surface of the columns is positive to 
the ventral. 

This difference subsides at first rapidly, and then so slowly that it may be observed 
one or two hours after the preparation has been made. 

The difiference is produced by incisions which cut through the columns in fJie 
direction of their length, thus cutting the electromotive elements at right angles to 
their length. 

The most effective method for its production is the thermal section of the external 
columns contained in a^ strip of the tissue. 

The amount and not the direction of the effect is affected by partial injury of 
a column, whether this be dorsal or ventral. 

The organ-current is thus analogous to the demarcation-current of musde and 
nerve, and is believed to correspond to a prolonged local excitation of the vital 
electromotive elements in the immediate neighbourhood of the injiuy. 

TT. Expei'wn&nts relating to th& lime Rehaiions of </ie JSxoUatory Change in the 
Organ following JSsedtaiion of its Nerve. 

The method used in these experiments was that rendered femiliax by its employ- 
ment in experiments of a similar kind upon other tissues, particularly cardiac tissue. 
This consists in the use of a rheotome which t^all connect the galvanometer with the 
tissue under investigation during a known petiod after extitation of the tissue. In 
the experiments of Mabbt upon the Torpedo (24) a fast-travelling plate, such as that 
of the pendulum or spring myograph of dtt Bok-Eesmond, was used. The movement 
of the plate was arranged to ensure both the passage of an induction shock at a given 
point in its course and a definite closure (for of the mrcuit which connected 

the organ of the Torpedo with the "physiological galvanoscope,” this being the nerve 
muscle preparation of the frog^the movements of which were record^ on the travelling 
plate. This method had been used by myself in ascertaining the time relations of ^e 
response of the Malapterurus to excitation of its skin (25). The infoi^tion which 
this method gives is, however, of relatively little value, sinoe it is obtained in terms 
which bear no sort of relation to those applicable to electrical phenomena in gener^ 
such as the deflections of a galvanometer needle of known sensibility, &o. To obtain 
such information as this latter was the object of the following experiments. 
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For thifc purpose I haxi taken with me a spring myograph, constructed on the plan 
of DU Bois-Ebiymond, but furnished with three special keys to fit it for use as a 
rheotome. 

The passage of the traveller opened these keys in succession ; they could he 
adjusted with great accuracy at any distance one fi:om the other. The three keys 
may he distinguished as Ki, Kj, Kj. These were arranged so that the bre^ of Ki 
opened the primary circuit of an induction apparatus j that of K2 circuit which, 
when closed, short-circuited the galvanometer; and K3 the galvanometer circuit itself. 
The galvanometer was the same as in the previous experiments, and was brought to a 
degree of sensibility that, with a resistance of 10,000 ohms, besides that of the instru- 
ment, -0001 R. gave a deflection of 230 scale. It was often necessary to allow only 
t'ff, T^, or of the total current in the circuit to pass tlirough the instrument. 
This was efiected hy the shunt piuvided with the instrument, and the terms Q. 

Q.. Q.. express this in all the experimental data which follow. Since the 

use of the shunt diminishes the total resistance in tire circuit, a resistance of 
10,000 ohms was introduced in order to ensure the complete, short-drouiting of the 
galvanometer by when the shimt was used. The whole arrangement is given in 
fig. 2. The traveller of the rheotome moved with sufficient rapidity to allow an 
acoorate adjustment of the keys to within xiPsnr * each otlier ; the movement was 
by recording on the plate of the traveller the vibrations of a tuning-fork 
vibrating 100 times in a second. 

Big. 2. 



The induction apparatus used for ezdtation was constructed and graduated under 
the kind direction of Professor KsoinsGEEB, of Berne. 

The first experiments were made with the view of testing the arrangements, as it 
was necesraiy to see how fer the organ response could he investigated in this manner. 
For this purpose a small Torpedo 13 cm, X 9 cm. was selected, and, the brain having 
be^ destroyed, the second, third, and fourth electrical nerves were exposed and fireed 
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as fe.r as the gills. The organ was left uatouohed, and the animal fixed on a perforated 
vertical board. Through the perforation the ventral surface of the organ was led off 
by one non-polarisable electrode^ the other being placed upon a corresponding point on 
the dorsal alcin covering the organ. A pair of fine platinum electrodes were placed 
under the second nerve. 

There was a slight electromotive difference between the dorsal and ventral contacts, 
amounting to + *002. The nerve was now excited by the break of the current of two 
Grove cells placed in the primary circuit of the induction apparatus. It was noticed 
that a considerable strength of induction current had to be used before an organ 
response could be obtained. This point has been observed and commented upon by 
DU Bois-Heymond (26). With the secondary coil at 5 cm. the galvanometric effect 
obtained by excitation was = -f- 750 scale G. ; the sign + signifying that a current 
passed through the galvanometer directed firom the dorsal to the ventral leading- off 
electrode. 

A preliminary rheotome experiment was now made, the short-circuiting key Kj 
being fixed at *01^^ after the exdting key K^, whilst Kg was moved so as to lengthen 
the duration of the galvanometer closure. 


of closnTG of galvaaomoter, the \ 
moxDout of ezaUUon bouig zero j 


•01"- 016" 

•01'-'016’ 

1 

•01"-0186" 1 01"- 0236" 

•01"- 0276" 

Defleodonfi obsorved in gal- 
vanometer. (Where more 
than one readuig is given, it 
indicates another experi- 
ment under same condi- 
tions.) 

0 

0 

0 

+ 65 
-t-72 
+ 65 

-h240 

•• i 

1 

! 

+ 550 

+ 500 

a* 

•f 660 

o.A 


This showed that in this preparation the electromotive response, as indicated by 
the galvanometer, commenced at after excitation of the nerve, and was fully 

developed by j" after excitation. 

The rapid development of the response is also shown in the next experiment, in 
which the organ of the other side of the same anima l was led and all the electrical 
nerve trunks excited. Here, with a galvauometnc closure of from *01—014, no 
effect occurred after excitation; with *01— *01.55, an effect of -b 195 scale; with 
•01--0165 a large effect shot the needle off the scale (+«»)• 

On examining thia same preparation half-an-houx or so later, the time rdations of 

the effect ware found to have changed thus : — 


OalvBjiometer dostixe . . 

■or'-*oi 2 '' 

•01''--0125" 

•or'-*oi4i" 

•01''-*015" 

DefleotionB 

0 

0 

-f65 

+ 166 

■foo 

1 

f 


S T 


MDOOcauxxxvn. — ^ b. 
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This change was subsequently found to be due to the high temperature of the room 
('20“ C.) affecting that of the preparation. The experiment showed that it was possible 
to obtain with the iastrament very sharp differences, with small differences in time, 
amounting to only 

It was now necessary to see if the same would hold good of a cut piece of organ 
with nerve attached, a nerve-organ preparation. A large fish, 48 cm. X 30 cm., 
was selected, and the brain destroyed. The largest electrical nerve (the 2nd) was then 
prepared from its exit from the stuH to its entry between the gill clefts. A great 
sector of organ, comprising the distribution of this nerve, was then mode by two 
plAnn cuts with & razoT through the skin and the organ in the direction of the 
columns, the cuts reaching from the median to the outer border of the organ. The 
ma«g of Separated organ measured 40 millims. in thickness at its median edge ; this, 
therefore, represents the length of the columns at this point. It was fixed on a 
vertical board, and led off by cushions of saline kaolin similarly placed ori its dorsal 
and ventral surfaces. The fish had been caught the night before the experiment, and 
the temperature of the organ was still very low, only 5 C. 

The block of tissue gave the usual "organ-current,” = + *005211., which 
subsided slowly dmring the experiment. The nerve was excited 6 centuns. from its 
point of entry into the organ by the break of two Groves in the primary coil. 

Iho response to the passage of the induction shock was observed until the secondary 
coil was pushed up to 8 cm., v hen a response of + 105 G. occurred. On pushing 
the coil to 5 cm., the response increased to + 350 G. 


I Closure | •015"--02" 

•02"--0225" 

■0225''-0275'' 

•0273"--0385'' 

DeflectioiL * . . . 0 

+ 70 G. 

+ 150 G.-^ 

-|-260G.^ 

1 0 


1 



j Closure 

f 

•0S35"-*0386" 

•0385"--0486" 

•0435"- 06" 

» 

Defection « . * . 

-1-220 a. 

+ 15 



The temperature of the room subsequently affected the time relations of the 
rei^nse, as one hour afterwards the r^ponse was found to b^in earlier. 


GshMcmifHier dosure . . 

•01"--018" 

•016''--0165" 

•0165"--018" 


0 

-4-18 

-1-150 
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The interval between neiTe excitation and the commencement of the response was 
much longer than had been anticipated. 

In the particular experiment just given, about ‘006" would be occupied by trans- 
mission along the nerve trunt, leaving •01" still unaccounted for. The influence of 
temperature seemed to indicate that the delay was connected with the low tempera- 
ture of the fish. To obviate this, the Torpedoes were now kept in water at 12° 0. It 
was now deemed necessary to repeat Jol'OJT’b experiments on transmission. 

Eacperiimnts on Transmission in the Electrical Nerves. 

Three distinct sets of experiments were made on this subject. 

A medium-sized vigorous Torpedo, 26 cm. X 17 cm., which had been kept for 
some days in water at 12° C., and gave smart shocks to the hand, was killed by 
punching the brain. The second electrical nerve was now prepared to its point of entry 
into the organ, and a wedge of this tissue was then cut out corresponding to the 
distribution of the nerve. The preparation was placed upon a glass plate, and the 
dorsal and ventral skin led off by cushions of kaolin. The nerve hung free in air, 
supported on the platinum exciting electrodes. It had been observed in previous 
experiments that the nerve was much less excitable in that part of its course which 
was in close proximity to the organ ; the electrodes could not, therefore, be shifted 
with safety any great distance along the nerve. 

Organ-cmTent = -|- ‘0042 B,. 

Induction coil without core in primary ooiL 

Secondary coil at 0. Two Groves in primary circuit. 


Excitation’ 25 millims. fi’om organ. 


Closure . . . 

‘•008"-*01" 

•0O8''--OH" 

•008''--012" 

•008"- on 

DefleotiozL . . 

0 

0 

+ 170 

+ CO 

+ 255 G.t^ I 

_J 


Excitation 12 millims from organ. 


Closnro . . 

•007"- 008" 

008"--009" 

•DOS'- -01" 

•008"-011" 

1 

Defieotioii . 

0 

+ 66 

+ 660 

1 1 

-H CO 1+85 Q'-tSti 


Excitation 25 millims. from organ. 


Closure .... 

•0U8'-*01" 

•003"--011'' 

•00S"--012" 

Deflection . . . 

“ i 

+ 220 

+ CO 


3 T 2 
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Excitation 12 mUlims. from organ. 


Glosare .... 

•007"--008'' 

•008"--009" 

•000"-*01" 

Deflection . . • 

1 

0 I 

1 

-l-GO 

+ 660 


Another preparation "vras made from the organ of the opposite side of the same 
fish, of same character and dimensions. It was examined foTir hours after the first 
preparation had been begun, and gave the following results : 


Exchtation 25 mOlims. from organ. 


Olosnre .... 

•008"--01" 

•01"--012'’ 

•01"--0126" 

Deflection . . . 

0 

, 

0 

0 

+ 256 


ExcuTATioisr 12 millims. from organ. 


1 Closure . 

• • 

•008"--01" 

•oo8"--oir 

, Deflection 

. . . 

+ 20 

+ 196 


In the fresh preparation the commencement of the electromotive change in the 
organ occurs earlier when the excitation of the nerve is 13 millims. nearer the 
organ. The excitatory process in the nerve thus travels at a rate of 6 ’5 metres per 
second. As the total electromotive change is less when the nerve is excited at the 
point nearer the organ, the actual commencement of the response may be too small to 
be observed ; if there be any such error, it would imply that the above transmission 
rate is too rapid. 

The second experiment, made four hours later, gives a transmission rate of 
5 ’3 metres per second. 

In another expeifinent on a nerve-organ preparation, made from the organ of a 
large Torpedo, the organ was kept at 5® C., whilst the nerve was kept at the 
temperature of room, 12® C. 


Excetation of nerve 23 millims. from organ. 


dosnre . * , . 

•016’'-*017" 

•017"-018" 

■018"- 019" 

•019"--02" 

Ddection . . . 

0 

0 

+ 90 

+ 840 

+ 480 
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ExcttATION' of nerve 43 milliias. from oigan. 


OIosTire .... 

•01G"-*017" 

•017"--018" 

•018"--019'' 

•019"--02'' 

•02''--021" 

•021"--022" 

Deflection . . . 

0 

0 

0 

0 

+ 50 

+ 810 






+ 65 



This gives transmission along 20 millims. of nerve, a rate of 

6*6 metres per second. 

A third experiment was made upon a nerve-organ preparation of a large vigorous 
Torpedo, measui’ing 52 cm. X 37 cm. The fish had been kept at 12“ 0., and the 
preparation difiered from the preceding, since it consisted of ons long uninjured 
column suiTounded by cut columns. This column measured 6 centuns. in length, and 
was 5 Tnmima. in cross-section. The nerve entering it was carefully dissected out, 
and measured 8 centime, in length. The very large organ-current was allowed to 
subside, the experiment being deferred for an hour or more. A small patch of 
skin remained on each end of the column, and was led off in the usual way . 
O.C. = 4- '0031 R. Induction apparatus as in preceding experiment. 


Exgitatioit of nerve 65 millims. from organ. 


Closure 

•01"--012" 

'01"-*014" 

•014"--016" 

•016"--018'' 

00 

o 

•02"--022" 

Doflootion .... 

1 

0 

0 

0 

+ 70 

+ 140 

+ 00 


Excitattoit of nerve 26 millim s. from organ. 


OloBure .... 

•01'-*012" 

■011"--013" 

•012"--014" 

Deflection. . . • 

0 

-1-120 

+ 00 


ExdTATiOM’ of nerve 65 millims. from organ. 


01oBni*e .... 

•016"-'016" 

■016"--017'' 

•017"-'018" 

DeflectioiL • . . 

0 

0 

+ 70 
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Excitation of nerve 25 millims. from organ. 


Closure .... 

•011"-*012 

'011"-*013" 

Deilectiou « - 

+ 20 

+ 220 


Tlie mean of these readings gives -0055" as the time occupied by transmission down 
40 centims. of nerve— that is to say, the nervous impulse travels down the trunk of 

the electrical nerve at the rate of 7*3 metres per second. 

This is practically the same result as that obtained by Joltet (27) with vigorous 
summer fish, and gives substantial confirmation of his statements as to the slow rate 
of transmisbion in the electrical nerves of the Torpedo. 

JExjteriments upon the Time of Dela/y. 

When we have made the necessary deduction for transmission time, we find that an 
interval between excitation of nerve and response of organ still remains. In the 
particular expmiments just given this amounts to '006''. This is the “ temps perdu, 
or time of delay, and we now pass to experiments having reference to the influence 
upon the length of this period of varying conditions of the organ itself. The principal 
conditions w'hich affect the response in this respect — ^that is to say, which affect its 
commencement — ^may be considered under three heads : — (1) The tempemture of the 
oigan ; (2) the strength of the nerve stimulus which evokes the response ; (8) the 
vigour of the particular organ under investigation, and thus the vigour and sine of the 
fish. 

(1.) Inflnence o/ temperature . — A ready means of altering the temperature of the 
organ was secured by the use of a long water-box. through which water at different 
temperatures could be run, and whieb supported on its surface the organ preparation. 
To prevent any galvanometrio disturbance through the metal of the box, the metal 
was covered with thin paper soaked in melted paraflhi. 

A nerve-oigon px-eparation was made from a large Torpedo, 50 cm. X 84 cm., and 
placed upon the tubes in such a way that, whilst the organ rested upon the warming 
apparatus, the nerve hung fi*ee in air. Bheotome observations were made every 
five minutes, so as to allow time for shifting the keys, it being necessary to catch 
the heginning of the response. The organ was at 5° 0. at the commencement ; it 
was warmed to 20" C. by allowing water at 45® to flow through the apparatus, 
and when the quickening-up of the response had ceased it was re-cooled. The result 
is given in the following Table. In the first experiment the nerve was exdted 
45 millims. from the oigan, so that must be deducted from the interval 

as transmismon time. "With this deduction the time of delay is only t^(s" "with an 
otgan at 30® 0., whereas it is when the same organ is at 5° C. 

In Experiment 2 the time of delay is to be reduced to s-t a temperature 

of 20® 0., from * temperature of 5® C., the transmission time being *0065". 




EffiffiOT of Temperature on Interval of Time between Excitation of Nerve and IteBponae of Organ 
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(2.) Em trength of all the preceding eiperimenta a etimoloe 

had alwaye been need of aneh atrengai aa to proom-e a lai^ M^nee of the or^ 
‘Ihe impOTtanoe of prooniing a mamnal contraction lu the inTeeti^tion of en^ 
phenomena in mnade ie rreU known, but in endearonring to ohfeun a ma^ 
responee of the eleolHC organ to aUmulation of ita na ve wo are oo^onted with a 
difflonlty which ie not present in the case of mnado. The range of atunnli whtdh call 
forth -i-i.-.l effects in the latter ie vaj limited ; in the nerve-organ preparation, m 
the other hand, it is huge. The organ is a better inteipreler than the mnecle of the 
change produced in a nerve by the passage of an induction current. A tex sU'onger 
BiimuluB is necessary to excite the nerve-oigan than the nerve-mnsde preparation j 
but. once this strength has been reached, the neiTe-organ preparation responds more 
and more fiilly, the stronger the stimnlus, unth, with a damaging streugih of current, 
the nerve itself is injuied. The foUowing experiment is selected from several to 

illustrate this. 

A nerve -organ preparaiion was made from the oigan of a large iorpedo, 
42 cm. X 29 cm. The nerve was exdted by the break of Ki, and Kj was so placed 
as to be broken -005" later ; the third key, Kg, was not used. The point of excitation 
was 20 millims. from the organ. 


dicDit inth 2 Grovies. 

Coil Kith core 

Slibci. 

gecondaxT coil, 20 oentims (100) . . • 

» " M- • ■ 

„ 16 „ aoo), . . 

;; 17 ” (300). ; ! 

: iV :: ; ; 

.. 15 „ (700) . . . 

„ 126 „ (2000) . . 

126 .. (2000) . . 

G.* 

G.* 

G.* 

G. 

Q- 

G.* 

G.* 

G. nftnr 

1 

0 

+ so 

+ 700 
+ 00 
+ 16 
+ 45 
+ C30 
+ 110 
+ 00 
+ 90 


(The uomhera is. braokete dmote the relatiTB stcengthg of the indactioii. sbooks.) 


After an interval the sti’ength of siimulus was still further increased. 


1 Fkimaiy eirLoit iiitli 2 Oiokea. 

CoU with t jie 

E£Cbct. 

— g 

G. 

G. Tin 

G. XOT 

+ 866 
+ 670 
+ 620 


With the secondary coil varied firom 17 to 10 oentims. — ^that is to say, with relative 
stiengths of shock from 300 to 4500— the organ response became friller, the stronger 
the stimnlua. In the ease of a large Torpedo the nerve bundles are of great 
thickness ; the second nerve in the above experiment measured 5 millims. in diameter. 
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It is possible that the “weaker induction current excites only the nerves upon the 
surface of the trunk ; as the strength of the stimulus increases, more nerve fibres are 
traversed by currents of sufficient intensity to excite them. That this is not, however, 
all may be inferred from the existence of similar phenomena in the case of small 
newly-bom Torpedoes, when the nerve bundles are small. Thus the miu i m al response 
of the organ to the excitation of the second nerve by the induction shock caused by 
the break of 4 Groves in the primary circuit occurred when the secondary coil stood 
at 24 oentims., and the effect amounted to + 220 scale (Gfalv. without shunt) ; 
whereas the fiiUest response was only obtained when the secondary coil stood at 
10 oentims., and amounted to + 170 scale, G, 

As in the case of muscle, so here we find that the magnitude of the response affects 
the period of delay. Thus in a small Torpedo the nerve was excited 10 millim s. 
from the organ. The rheotome was used as in the temperature experiment, the 
galvanometer " window” (i.e., interval between Kj and Kg) being moved along so as 
to catch the commencement of the response. 


GalTBJiometer cloame. 



•018"--02" 

•02''-'022'' 

•02g"--oa6" 

Position of seoondaiT coil, 20 centima. (150) . . 
„ „ „ (320) . . 

» » • 
.. „ 10 « (4500) . . 

5 „ (9500) . . 

+ 5 
+ 5 

0 

0 

+ 15 
+ 200 

0 

+ 110 
+ oo 

+ 10 


The period of delay is here increased by -004" when the response is minimaL 

(8.) Inflwnce of vigour and size of awiwaZ.— The influence of the state of the fish 
is an obvious one : the organ responds more quickly, the more active and vigorous the 
•fitth used. It is needless to illustrate this, but a more interesting rider to the above 
is the influence of the size of the fish. In contrasting the results obtained from 
different fish, all in an equally good state, but of different size, it was fotmd that the 
period of delay was always shorter, the larger the fish. Thus in four selected fish, all 
of which were kept at 12*' C. for some days, all active and vigorous, giving sensible 
shocks to the hand, and in all of which the organ, as is shown below, responded very 
fully to nerve exdtaiioD, the following results were obtained. 

а, Nerve-oi^an preparation firom large Torpedo, 42 cm. X 29 cm. Total response 
to nerve excitation with Galv. xb = + 650. The response commenced *007" to 
*008^^ after excitation of the nerve. The nerve was excited 20 mi l l u n s. from organ, 
and, deducting -008" for transmission time, the period of delay is ‘004". 

б. Herve-organ preparation of medium-sized Torpedo, 26 cm. X 17 cm. Total 

response with Galv. The re^onse commenced *008" to *009" after 

excitation of nerve. The nerve was exdted 18 millims . firom organ, and, deducting 
*002" for traiMmission time, the period of delay is *006". 

M1XXH3L3XS:TII.'--B. 8 XT 
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c. Nerve-organ preparation of Toi-pedo 39 cm. X 12 cm. Total response, 

Qaly, 4 - 50. The response commenced ’009" after exdtation. The trans- 

mission time was *002”, and the period of delay ‘007 . 

d. Nerve-organ preparation from Torpedo bom in labomtory five days before ; active, 
giving distinct shocks to the hand ; length 12 centims., breadth 8 centims. Total 
response, G.jhi- + 80. The response commenced *012" after excitation, and, the 
transmission time being at most *002", the period of delay is ‘01 . 

The increased time of delay shown by the organ of the smaller Torpedoes might be 
explained as simply a case of the preceding results, which showed that, the smaller 
the total response, the later its apparent commencement ; but a comparmon of Cases 
0. and d. shows that such an explanation is insufficient, since the response in d is larger 
than that in c,, yet il begins later. 

These experiments npon the “time of delay” show the striking resemblance 
between the activity of the organ and that of muscle, nerve, &o. Experiments made 
eighteen months ago at Oxford, not yet published, upon the electromotive phenomena 
of s k^lft tnl Frog’s muscle by the repeating rheotome method, showed that there 
is such a period of delay between the excitation of the nerve and the commencement 
of the electromotive change in the riwponding muscle. This period of delay was 
found to be about ‘004", but could be shortened by warmth and prolonged by cold. 
In the case of the cardiac tissue of the Frog the delay between direct excitation of 
the tissue and the appearance of an appredable electromotive change under the 
proximal leading-^ electrode varied with the distance between the exciting and 
leading-off electrode. When this distance was made very small the time was 
shortened to ‘03" (28). A longer interval still is found in the case of the Tortoise 
heart (29). 

In '^e Dionsea a period of ’05" intervenes between the excitation and the first 
appreciable electromotive change (30). 

On the other hand, the Malapterurus dischaige can be appreciated very soon after 
e xd tA tinn of the organ itself; the time of delay here was with appropriate leading- 
off (31) shcMrtened to ’002". 

The recognition of this delay is equivalent to the admission that existing methods 
of observation are inadequate, for it implies that with the best known methods of 
investigation there is an interval of time left unoccupied by any of the known 
phenomena of ftinctional activity. The existence of a real time of rest in the 
TvnJtymlar proc^ses of the exdtatory state, when these processes pass from nerve- 
trunks into nerve-end organs, is :tLot scientifically admissible. 

lire apparent resting time may, perhaps, he considered as time during which 
these miolBeiilar processes are being transmitted along the excitable tissue very 
slowly. The Ifiookintg of the excitatory process in cardiac tissue by pressure, &c., 
is a case in poiat. Torpedo pGresente us with a similar phenomenon, and this in 
of the &ot that, once developed, the response of the electrical organ is far the 



OF THE ELBOTBIOAL OEGAN OP TOEPBDO MABMOBATA. 515 

largest, and therefore the most easily appreciated, vital electromotive change which 
up to this time been examined by the rheotome method. The extraordinaiy 
prolongation of the delay by cold, although apparently connected with the condition 
of the nerve endings, may, however, be at least partially accounted for by the 
increased time of transmission down tKe nerve branches contained in the organ itself. 
It is hoped that an early opportunity will afford means for ascertaining to what 
extent this is the case. 

ExpeHm&nts wpon the Cha/racteT and DuTotion of the Respoiibe. 

For information on these points the experiments had to be of such a character that 
the results should indicate the extent of the electromotive change as appreciated by 
the galvanometer at successive periods after excitation, and it was found that the most 
practicable plan consisted in massing together all the changes which occurred during 
a period of tW • galvanometer circuit was closed for *01" at periods of ‘Ol* 

'02", *03", &c., after excitation of the nerve. ^ 

The results of such observations show that when the temperature of the organ is 
not below 10° 0. the electromotive change develops with such rapidity that it reaches 
its maximum in less than one-hundredth of a second £?om the time at which it first 
becomes appreciable. If the change is expressed by a curve, the curve must thus 
be represented as rising very steeply from start to summit. The effect is always 
declining in the second and thii-d hundredth of a second, and declines more slowly 
than it rose ; but the rate of decline varies in different preparations, and tlius the 
duration of the appreciable effect must vary. Here is so marked a difference in this 
respect that, whereas in some cases no further change could be appreciated in the 
fourth hundredth of a second, in others a change was still perceived thirty seconds 
after the commencement of the response. This prolonged decline ms, however, of 
such a character that it could he distinguished from the main decline of the organ 
response, may be termed an “ after-effect.” Temperature, strength of response, 
and vigour and size of animal infl.uence the above features of the response. 

The influence of temperature is shown by the following experiment upon a nerve- 
organ preparation from a large Torpedo, 42 cm. X 31 cm,, the response of which did 
not show the prolonged “afrer-effect.” It was placed upon the apparatus previously 
described ; the total response to excitation with Galv. -rio -f- 7‘0 s^e. 

The quickening of the response as the temperature rose rendered it necessary to 
shorten the time of closure of the galvanometer circuit, which was thus fixed 
at ‘006". 


3 U 2 
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Time of galvanometer 

•006"- 001" 

•01"--016" 

•016"-*02" 

•02"-‘088" 

•oa6"--08" 

■08"- 086" 

•086"--04" 

cloflnre: — 







Temperature of oigan 

5® 0. 




-J- 100 

+•165 

-+80 

+ 10 

fl • 



- G.* 


G.* 


20*’ C. 

• • 

+ 130 

-1-40 


• • 


ft ft 

10‘’O. 

• * 


G.* 

■f 100 

-1-170 

-1-40 

G.* 

+ 5 
G.* 

• • 



Interval of twonty-five miimtes. 




8“0. 


• • 

-!-240 

+ 00 

+ 820 

+ 30 

+ 5 

20*’ 0. 

•• 

+ CO 

-h300 

-1- 70 

-+ tcaoe 

• • 

• • 


In all cases the maximal intenaty of effect is reached in *01" from its commenc^ 
ment, hat at a high temperature this maximum is reached in the first half of this 
time, viz., *005" j at the lo^ temperature it is reached in the second half of this time. 
The response is thus more^suddenly developed at the higher temperature. This 
shortens the duration of the effect in the two cases, the decline of the effect not 
being so markedly affected as the rise is. 

Tn the following experiment the minimal is compared with a m axima l response of 
same oigan. Small Torpedo, 13 cm. X 9 cm. Organ led off in situ. Induction 
apparatus with 2 Groves in primary cod (coil without core). Bight side and left 
tide used. Nerves excited in sUu. 


^ Galvanometer oloBore : — 

•006'-*016" 

•016"- 025" 

•026"--086" 


•0«"--066" 

1 Q»1t. ^ 

Secondsrj roil 0 cenions. . . 

1 

• • 

+ 870 1 

+ 120 

+ 25 

+ trace 




+ 20 

0 

• • 

Left organ need. 4 Groyes in piizoaij cironit of coil. 




! ‘ + 85 

+ 6 

0 

, , 


ft ft 


+ 200 

+ 50 

+ trace 

' „ 15 „ 

m • 


+ 18 

+ trace 

a ft 


The Tni niTnftl differs from the larger response more in its duration than in the rate 
of its development. Expressed as a curve, it would represent the cut-off summit of 
the large respcmse. There are sometimes considerable differences in this respect between 
tile duration of the responses of the two organs of the same fish, and the larger 
response is always the longer one. Thus the left organ of a small Torpedo gave a 
total response of -f- 100 G. Its character and duration are expressed by the 
following readings : — 
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dosare. 

BeflectioxL 



II If 

GtalTUiometer Trithoat shimt. 

GULvaziometer diosure . 

014 r --016 

0 



■ 016--018 

+ 105 ; +115 

9) 

99 • . • 

■ 018--2 

+ 808 ; + 810 

9} 

99 • ■ • 

•02 -022 

+ 360 



• 022--024 

+ 96 

91 

91 • # • 

• 024 r --026 

+ 90 



• 02 fr -08 

+ trace 

9) 


•03 on 

0 


The liglit organ of the animal gave a response of + 50 with G. Tirffj 8nd the 
decline of this response is much dower. 



dosare. 

1 

Beflactlon. 


ff If 

<»*• 

1 Galvanometer dosare .... 

•014-'016 

0 

. . 

•016--018 

+ 95 


•018--02 

+ 880 

11 “ * * * 

•02 -03 

+ 220 


•03 -04 

+ 15 

11 11 • * 

11 11 • • * * 

•04 -05 

+ 10 

11 11 • • • • 

•05 -06 

» • 


Even a large Torpedo noay give a response of short deration, bnt the response in 
such cases is always small in amonnt, and is, in &ct, tnin i mal . 

Apart from the necessaay effect of the vigour of the organ, there is that of the size 
of the fish, and so of the columns. The larger the fish, other things being equal, the 
longer the duration of what must be considered as the true response. This is shown 
by the results embodied in the annexed Table, in which the length of the columns of 
the organ is given. 


I = length of column, r = total response. 


Time of galvuioineteir olosnre : 

•01"- 018" 

018"- 02" 

•02"- 028" 

•096"-'08" 

08"-08e" 

088"-04" 

04"-04B" 

•046"-OIS" 

Small Torpedo, Issl2miB. 

+ 12 

+ 492 


+ 45 

+ 20 


+ 4 

• • 

G. 

Ditto. G.* . • • • 

0 


+ 470 

+ 60 

1 

+ 10 

+ trace 

. . 

« a 
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of one from a medium-sized vigorous fist. The curves o and d are short curves 
representing the change in the organ of a large Torpedo, c being that of the organ 
at 20° C., and d that of the organ at 5° C. In the curve a the ordinates represent 
the readings of the galvanometer with the shunt, and the curve corresponds in 
duration to the duration of the effect as ascertained by Maebt. 

In reality, however, the effect is prolonged far beyond seven hundredths of a 
second. Tlxis prolongation was apparently not capable of affecting Makev'b “ physio- 
logical” galvanoscope, viz., the muscle-nerve preparation; its existence is, however, 
easily ascertained by the galvanometrio method when the galvanometer is used 
without the shunt, and, owing to its slow subsidence, it produces well-marked 
galvanometric deflections. The large response has a long tail, if the expression may 
be used. It is termed here the “ after-effect ” of the response. 

The qfier-effect of the response . — ^The fast-moving rheotome previously used was not 
adapted to the examination of the after-effect, since the range of the instrument did 
not extend beyond *08". The rheotome was therefore now used for giving an induc- 
tion shock of constant intensity and duration for purposes of excitation, and the key 
Elj was placed so as to be broken *06" after the exciting key For Kj there was 
substituted a key which could be closed quickly by the hand, this closure being 
effected at various intervals after the release of the traveller of the rheotome. 
Successive experiments were now made, first with the galvanometer circuit closed, but 
shoit-circuited by K 3 ; the deflection obtained thus indicated the effect which followed 
the excitation from ‘06" onwards. The galvanometer circuit was then dosed 1 " after 
the release of the rheotome, and the resulting deflection observed. The difference 
between the two readings was a measure of the amount of the slowly subsiding change 
during the period *06" to 1 ". The same plan was adopted with a closure 2 " 8 ", 4", 
&c., after excitation. 

As the after-effect following a response is a new feature of the excitatory change it 
will be advisable to describe an experiment with some detail. 

A block of organ was out from a large vigorous Torpedo ; the block measured 
53 minima, in the direction of the columns, and was 35 millims. in width and 
30 millims. in thickness. Its out surfeoe showed four injured columns, and, conse- 
quently, it contained twelve uninjured columns, all supplied by branches of the second 
electrical nerve. This was excited 20 millims. from its point of entry into the organ 
by the break of 2 Groves in the primary circuit of the induction app^tus at intervaJs 
of three minutes. The organ-current obtained by leading off the skin-oovered ends of 
the columns amounted to + -0125 E. It subsided rapidly, and then slowly, but sank 
after each excitation, and was compensated. This fell is ^ven in terms of the 
galvanometer scale, it having been ascertained that a deflection of 180 scale corre- 
sponded to a difference of potential = *0003 B. 0 ^ M is, of course, opposed to the 
after-effect. The galvanometer was used without its shunt. 
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OtJ^anomBtor dosed] xfiv ^ after ezcitatioiL + 660 ^ 
Pall of orgiui-ciiiTeiit, wliich. BTLlD8id.ed 
slowlj, until in three minates it sank > 

150 sode. It -was then compenaated. 
Qalvanometer dosed 1" after excitation . . + 300 
Pdl of oi^an-cnTTent as before 80 scale, * 

Qfjyanonieter dosed 2” crfter excitation . . + 210 < 
Pall of organ-current = 76 scale. > 

GalYancuneter dosed 8^^ after excitation . . + 165 « 
Pall of organ^current = 76 sode. y 

Galyanoniei^ d(^6d 4i* after excitation • - + 120 J 


(•06''-l") 

350 


90 

(2"-3'0 

45 


(3"-4") 

45 


Experiment repeated : — 

Galvanometer dosed tStv” after excitation + 640 *1 ^ 

Pall of organ-current = 60 scale. | 

Galvanometer dosed 1 " after excitation . • + 250 ^ (1"— 2^') 

Pall of organ-current =s 45 scale. ? 60 

Gdvanometer dosed 2" after excitation . . + 190 
Pall of dgan-onrrent = 85 scale. S 35 

Galvanoitneter dosed 3^' after excitation . . + 155 J 
Pall of organ^uirent =: 85 scale. 

It was evidently necessary to extend the observations fer beyond the Hmit of 3^', 
and this was now done in a similar preparation made from the organ of the other side 
of the same large Torpedo. In this the organ-current was very steady, the prepara 
tion having been made an hour before, and being first used for a rheotome experimen- 
on the duration of the first part of the response. It amounted to *01 R., and was 
observed to ainTr after each excitation ; the decline, being opposed to the after-effect, 
was only indicated after the return of the needle to zero, which occurred in about half 
a minute, by a slow movement of the needle in the opposite direction, amounting in 
three minutes to 75 scale. 


f 

■ 1 

o 

after excitation + oo 

(+120 Q. A) 

(06"-l") 

> 450 

>9 

99 

1" 

99 

91 

+ 750^ 

(l"-2") 

175 

91 

99 

2" 

99 

99 

+ 676 ^ 

(2''-S') 

[ 125 

»} 

99 

•3" 

99 

If 

+ 450 < 

(8"-4'0 
\ 85 


99 

4" 

99 

99 

+ 865 ■ 

(4"-5") 

> 95 

>1 

19 

5" 

99 

99 

+ 270 - 

(6"-10") 

' 65 

99 

» 

10" 

99 

99 

+ 206 J 

(10"-15") 

45 

(15"-20") 
’ 25 

>9 

99 

15" 

>9 

91 

+ 160 J 


» 

30" 

99 

99 

+ 185 . 

(20"-26'0 
k Ol* 

19 

>9 

35" 

99 

99 

+ 100 . 

35 

(25"-80") 

M 


30' 

M 

99 

+ 76 . 

25 
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The difference between tbe successive readings is given in tte riglit-liand column, 
from which it is seen that the after-effect sinks much more rapidly during the first 5 
subsequently, and that with regard to this first five seconds its fall is most rapid 
in the first two seconds. 

The great prolongation of the after-effect allowed the employment of another method 
of reading, which had been used with good results in the investigation of prolonged 
polarisation after-effects. The “ falling time ” of the galvanometer needle was known 
to be fifteen seconds. The galvanometer was, therefore, closed for fifteen seconds, and 
the closure followed by a break of the dreuit for the same tune, this by a re-dosure, 
and BO on. 

TbA deflections obtained are strictly comparable, each being procured with the 
galvanometer needle at zero, and any instrumental error thus obviated. 


Qalvanometer oirciiit dosed Effect -I- 660 

, „ . broken 15"-30" . . + 130 

„ „ dosed 30"-46" „ + 60 

„ broken 45''-60" „ .. +6 

„ dosed 60"-76" „ trace, foUowed by — 


The two gaps 15" -30" and 45' -60" were filled up by repeatmg the experiment, 

reversing the times of closure and of break. 

Another experiment on the same subject was suggested by the applicability of this 
method— an experiment in which the nerve should he excited mechanically. 

Such mechanical excitation had been tried with the aid of Tiqerstedts exciter 
(32), modified for this special research, hut without any good result— the low excit^ 
bility of the nerve being a bar to the use of this method, as only feeble and uncertain 
organ responses followed excitation of this oharaeter. It had, however, been noticed 
that section of the nerve always produced a large response of the organ. The inves- 
tigation of the after-effect Mowing the response evoked by section of the nerve 
was therefore quite praoticahle. In order to Mow the change in the after-effect, the 
sensibility of the galvanometer was deci-eased by raising the control magnet, so that 
the time of the needle should he ten instead of fifteen seconds. 

With the galvanometer circuit dosed, the nerve of a nerve-organ preparation from a 
large vigorous Torpedo was divided with sharp scissors 35 milta. from the organ; a 
very large response followed the section, the deflection amounting to + 750 . iod* 

On comparing this with the fullest response to electrical excitation which roidd be 
obtained in tiae same preparation, it was found to be of about equal amount, the latter 

riving ■+■ 670 Qt. xhi- , ^ ^ . j • j. i 

The ^vanometer circuit was now dosed and opened altematdy at stated intervals 

after section of the nerve, and the prolonged after-effect thus observed 


3 X 
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Oircxiit closed . 

„ broken 
„ closed . 

,, broken 
„ closed . 

„ broken 
„ closed . 

„ broken 
„ closed . 

„ broken 
,, closed . 


BTiBOTROMOTIVFI PROPERTIES 


6" to 15" after section + 440 


. 15" 

26" 

91 

99 

• • 

. 25" 

35" 

91 

99 

+ 230 

. 35" 

46" 

99 

99 

.. 

. 45" 

65" 

99 

99 

+ 160 

. 65" 

65" 

99 

99 

.. 

. 65" 

75" 

>9 

99 

+ 110 

. 75" 

85" 

99 

99 

. . 

. 85" 

95" 

99 

91 

+ 66 

. 96" 

106" 

99 

99 


. 106" 

116" 

99 

99 

+ 20 


The prolongation of the after-effect, or “ excitation remainder,” is most marked in 
this experiment. It will be noticed that it is always present when the response is 
such as to reach a great maxiinum of intensity, and this suggests the inqm^ whether 
a change cannot be brought about by the passage through the tissue of an 

intense current of short duration. The experiments of du Boib-Ebiymoni) prewously 
referred to show that such is the case. To this subject we now proceed. 


III. Ike Mectromotive Qvanges folloxoing the Passage of Electrical Currents 

through the Organ. 

The term " secondary” electromotive is applied by dtt BoiB-IteyMOND (33) to the 
changes produced in excitable tissues by the passage through these of electrical currents. 
TTin work of DT7 Bois-BjEVMONn, followed by that of Hbemaiik (34), SnsJNCt (35), 
BiEDEEatANN (36), has shown that, in addition to the ordinary phenomena of 
electrolytic polarisation, there axe special electromotive changes which axe intimately 
connected mth the vitality of the tifflues experimented upon. The main fact may be 
broadly stated thus : the passage of a galvanic current of considerable intensity, and 
of short duration, through a tract of muscle or nerve, is followed not only by the 
electromotive changes accompanying ordinary polarisation, but by a prolonged electro- 
motive change which presents the characteristics of being the electrical index of a 
prolonged excitation. This is not, strictly speaking, the view which dtj Bois- 
B^vuond took as to the nature of his discovery. According to the upholders of the 
Tnolecuiar hypothems, the passage of a galvanic current is followed by two sorts of 
polarisation — the ordinary negative polarisation, and a special potitive polarisation, 
this last being an alteration in the condition of the vital electromotive molecules. It 
is simpler to call the latter effect an excitatory effect, and it will be thus designated 
here. The earlier work of DU Bojb-Bbymond has been succeeded by the publication 
of the results of timilar experiments carried out upon the electrical organ of the 
Torpedo (87), which show that here, too, the passage of au intense current of short 
dnmtion is followed hy dectromotive changes of two kinds, those due to eleotrolytic 
pdatieation, and {pecial phenomena, due, probably, to exdtation of the tissue. The 
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latter reveal themselves as prolonged changes, in which the dorsal surfaces of the 
coliunns are galvanometrioally positive to the ventral. 

A polarising current directed through the tissue in the direction of that of the 
organ, response is the most effectual for the production of the change in question. 
Such a polarising current has been termed by Dtr Bois-REVMOiirD " homodromous” ; it 
will be denoted in this work by the sign (+), since the cathode of the polarising 
circuit is on the dorsal surface of the columns. A ciuTent oppositely directed through 
the organ columns will be denoted by the sign (■”). 

If the phenomena of electrolytic polarisation, and these only, are present in the led- 
through tract, then a (+) polarising current will be followed by a (■—) after-effect, 
a (— ) polarising current by a {+) after-effect, the signs referring in all cases to the 
condition of the dorsal electrode. 

Such is the case in the following example, which is given to show the polarisable 
character of the tissue. 

A strip of organ, consisting of several entire columns, having been prepared from a 
small Torpedo, and measuring 13 mm. in length and 2 mm. in thickness, was placed 
upon a gl«j=M plate and led off as usual from the dorsal and ventral ends. Upon the 
kaolin plugs of the leading-off electrodes were placed the kaolin plugs of another pair 
of non-polarisable electrodes, whidi served to lead the polarising current through 
the tissue. A paraffin switch of the kind used by HEBiiANN was introduced into 
the galvanometer and polarising circuits. By its movement the galvanometer circuit 
was broken, and the polarising circuit closed about afterwards ; the return of the 
switch broke the polarising and then re-dosed the galvanometer circuit. The move- 
ment of the switch was effected in the one direction by the band, in the other by an 
ATgafift Spring. The sensibility of the galvanometer was the same as in the early 
experiments, and the falling time of the needle was fifteen seconds. The effect was 
therefore accurately indicated by reading the amount of the deflection every fifteen 
seconds. 


3x2 
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polaii^mg coirent. 

16" leadings. 

4 Ghpoves, duration i'', 
direciion (+), gw- 
variometer ^ 

-265 

-170 

-180 

-100 

- 70 

- 50 

- 30 

4 Groves, duration 1", 
direction (+)j gal- 
vanometer iV 

-360 

-200 

-no 

- 70 

- 45 

- 30 

4 GrTOTes, direction (— ), 
galvanometer ^ 

daiaSoa i" 
+ 170 
+ 70 
+ 45 

1 


16" readings. 

15" leadings. 

- 230 

-230 

-no 

-no 

- 60 

- 40 

- so 

- 10 

- 15 


-380 

— 400 

-200 

-200 

-100 

-no 

- 60 

- 60 

- 40 

- 40 

- 20 1 

- 20 

duration 2" 

duration B" 

+ 260 

+ 00 

+ 120 

+ 350 

+ 60 

+ 190 

+ 40 

+ 140 


+ 110 


+ 100 


+ 86 


+ 80 


Besides stowig lihe susceptibility of tbe tissue to polaiisatiou., and the subsidenoe 
of tbe effect, the experiment shows that the (+) polarisiag current is more effect^ 
than the (— ) for the production of the polarisation after-effect. The polarising 
current was increased to G Groves without altermg the result as regards the direction 
of the after-effect. When, however, the current of 6 Groves was led through narrow 
strips of fresh tissue out from the organs o£ vigorous fish, a different result was 
obtained. The passage of tbe {-H) current was now followed by a (-h) after-effect ; on 
repeating the experiment, the eflfect soon disappeared, and only the (— ) polarisation 
after-effect was observed. Two examples may be given. 

Strips of organ, 22 mm. long and 3 mm. thick, were cut from the organ of a medium- 
sized fidi. Organ-omrent, ■+- *0062 R. 


BoUriabog current. 

Duration. 

i' 


i" 

i" 


6 Ohroree, galTKuo- 
(+) 

-70 

+ 190 

-66 

-110 

-190 


Polariinng entreat. 

DnitttioiLi" 

Qnl'vaiionietei’ (— ) 

+ 135 
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Another strip, 30 mm. long and 4 mm. in thickness. 


Foloilsuig current. 

1 

DuratioiL | 

1/1 

4 

i" 

J" 

mm 

n 

6 Qroves (+),gal- 
Tanometer 

+ 150 

-40 

• 

+ 110 

+ 30 
-20 

-120 


The strip was now pared down in the direction of the columns, so as to I'educe it to 
a long stiip only 2 mm. in thickness. 


Folaiislng cuxTent. 

Dniation 

mm 

mm 



6 QT07ea(+), gal- 
vanometer 

+ 00 

+ 400 

-100 

-160 


Polftrisilig tnirrent. 

Yeiy short. 

Very short. 

6 OroveB (+), galvano- 
meter 

+ 220 ' 

— 60 


In all these cases further experiments with (+) currents gave only (— ) after-effects. 

It is obvious that, whereas the (+) after-effect obtained with (~) currents was only 
the ordinary change of electrolytic polarisation, the (+) after-effect following (-|-) 
currents was somethuig of a diJQferent nature, and was tdie effect noticed by du Boib- 
!B>EYsioiin> (38). In order to obtain it with more distinctness, it was necessary to use 
stronger polarising currents, but unfortunately more than 6 Groves were not obtainable. 
Tn considering the question of its production, and especially the characteristics of the 
ourrent which produced it, the essential feature is seen to be the necessity of using 
pokrisiag currents of short duration and great intensity. The reason is probably that 
with these the ordinary phenomena of electrolytic polarisation are not developed in an 
overwhelming degree. If the polarising currents are long, the polarisation after-effects 
axe so marked as to swamp every other electromotive change. This bring the case, 
the use of strong induction currents at once suggested its^ The experiments of 
DTJ BoiS-BjBreMOND with repeated induction currents (89) gave every hope of success, 
and, as the ordinary deotrolytic phenomena would be reduced to a minimum, the 
(sonfusion between polarisation and other changes would be largely avoided. 
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Thd ofl€T-(^6Gi of the pcissaffe of induction sfeocis.— In order to caiTy out the 
experinxentj the previous method "was modified as follows : — The spiiog myograph was 
suhstitttted for the paraffin switch. The key Ki of the instrument was placed in the 
primary circuit of the induction apparatus. The galvanometer drcuit was arranged 
as in fig. 4) the secondary coil being directly m the cncuit; the induction shock being 


Fig. 4 



dioit-circuited by the key K 3 so as to prevent any disturbance of the instrument ; to 
render this effectual, a resistance of 10,000 ohms was introduced between the key 
and the galvanometer. It w5s ascertained ihat with Eg placed so as to be opened 
•008" aftenr Kj no appreciable effect was observed by the passage of a strong induction 
shock through the eLectrodes. By this method an induction shock could be led 
through the tissue, and the galvanometer would respond to all electromotive changes 
which followed that at an interval of *003". The same electrodes must obviously be 
used both for leadii^ in and leading off It was ascertained hy experiment that any 
after-effect due to polarisation in these was extremely gmall 

Erom the o^an of a medium-sized fish a strip was cut measuring 16 mm. in 
length, 7 mm. in width, and 2 mm. in thicknesa The induction apparatus was used 
wiih 3 Groves in the primary coil ; the secondary coil stood at 5 cm., organ-current 
+ *006 R. 

ifter efibot 

Direction of inducfaLon Biook throiigli tiSHne (— ) Galv. + 150 

» « »> II (+) n + 660 

» « » 11 ("") }i + 180 

»» M j> (4*) 9) + 730 

This (-{-) after-effect thus occurred with both (-}-) and (■— ) currents, but the former 
Were &c the most ^ectual fijr its producilozL Since the polarisation phenomena are 
hy this method reduced to a minimum, the after-effects here observed are due to the 
particular chai^ which the tissue shows apart from those. This change was noticed 
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to be prolonged in. character, like the after-eifeot which follows the nerve-organ 
response. Its duration and rate of subsidence were investigated in the same way as 
the latter had been, by closing the galvanometer circuit for 15'^ after excitation, 
opening it for 15^', re-dosing it for 15'^, &a The readings of the deflections obtained 
in four experiments were as follows : — 


Direction of indnobion sliook 
coil 6 cm. (-H) Galv. 

Olosore 

•003"-16" 

80"-46" 

60"-75" 

90"-105" 

Experiment 1. 

■f CO , sinking to -J- 800 
-1-500 
+ 98 
+ 68 

Experiment 2. 

+ 00 , sinking to -h 400 
+ 110 
+ 62 
+ 40 

Direction of induction shook 
coil 7 cm. (Jalv. 

•008"-16" 

30"-46" 

S0"-76" 

90''-105" 

(+) Bxperiiaent 3. 

+ 610, Binlriiig to + 260 
+ 85 

-1- 52 1 

-h 38 

(->) Experiment 4. 

+ 225, sinking to + 170 
+ 68 
+ 40 
+ 26 


The induction shook is thus followed by a prolonged electromotive change which 
subsides at first rapidly and then more slowly, thus resembling the after-effect of the 
response. It differs from this as regards its duration, as it lasts somewhat longer. 
As it can be produced by induction currents in either direction, (+) or (— ), it can 
only be an excitatory change. It is always of the character which the excitatory 
changes of the organ follow, the dorsal surface of the organ becoming (+). It is 
remarkable that it is more effectually produced by (+) than by (— ) induction 
currents. This does not prevent our regarding it as an excitation phenomenon, for 
the nerve itsdf is more readily excited by descending than by ascending currents, 
and a (-+-) current through the organ may play the part of a descending one for the 
majority of nerves and nerve endings which he in its path. If it is an exmtation 
phenomenon, the organ must behave like the nerve with respect to increasing stron^h 
of stimulus. That 1 his is so the following experiment shows, the numbers indicating 
readings of the position of the hght on the scale made at intervals of 15'' after the 
maximum deflection had been reached. Strip of organ, 86 mm. long, 5 mm. wide. 
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Fivb Groves in Pntnary Coil. 

Swjondajy coil, 12 centiinB. (+) G- without diunt . 

II 11 « »> ” 


10 


II II *' ” 


t) » 5> 


II »» 


9 II II I* 


Defleotioiis 
0 

-h 65' 

+ IS ^16" readings. 
0 

+ 105’ 

+ 40 ^16" roadingB. 
0 

+ 90‘ 

+ 86 ^ 16" reodlngs. 
0 

+ 360‘ 

+ 180 
+ 120 
+ 90 
+ 85 


. 16" readings. 


Ttifl galvanometer cirooit •was now closed, and opened alternate 15 . 



Oloffure. 

DeflooUoxut 

8 cm (+) ...... ‘ ’ 

•003"-15'' 

+ 550 

Literal dnrmg vIuoIl tihe galvanometer 



ciroTiit was broken . .... 

30"^" 

• • 

QalTanometer caionit r&^osed 

■f 110 

„ „ broken 

• • 

• * 

” „ TwdoBed .... 

60''-75" 

+ 60 

„ „ broken 

. . 

• • 

„ „ re-dosed 

90"-105" 

+ 6 

7 om. (+) 

1«-16" 

+ ®* 

+ 800 


60''-95" 

+ 180 


90"-106'' 

+ 126 



120"-185" ' 

+ 96 

5 cm. (+) O'. T*s 

• s 

• » 


r+ 270 
+ 160 


15^' readings 


+ 108 


* • 


+ 70 


» • 


+ 68 


• « 


L+ 36 

0 (+)&•■* 

1"-15'' 

+ QD 

S0"-46" 

+ 240 

91 • • * 

60"-75" 

+ 110 


90"-106" 

+ 60 

11 

120"-185" 

+ 40 


He effect^ wli.^ small in amount^ lasts only 30" ; it increases in amount as the 
indnetum shoct mcreases in intensity, and, when very large, lasts over The same 
is inis of the edhcis produced by the passage of (--) induction dhocks of different 
hitensify, hut in this case a etconger indudaon shodh must he used to secure the 
ptoduotion of the e^Mst lhan is necessary when (-{-) induction shocks are ^ployed. 





